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ABSTRACT 
The relationship between variability in 27 morphological traits and 
genetic variation at three enzyme loci (EsD, PGM-l and AP) and three 
blood group loci (MN, ABO and Rhesus) was studied in two Caucasian 
populations. No difference was noted in the mean values of the 
homozygous and heterozygous classes at the loci studied in both 
populations. Neither was there any difference in the percentage of 
'Modal' individuals among the homozygous and heterozygous classes in 
the two populations. However, at the EsD, PGM-I, AP and MN loci, a 
negative correlation was observed between morphological variance and 
heterozygosity in both populations. These results are in agreement with 
Lerner's prediction of 'Genetic Homeostasis'. Lerner's understanding of 
the correlation was that heterozygosity at the individual or population 
level was advantageous as it provided the organism with a greater 
buffering ability to withstand environmental change and, therefore, a 
greater chance of survival and reproduction. 
In the English population no significant departures from Hardy Weinberg 
expectations were observed for the three enzyme loci AP. EsD and PGM-I 
and the blood group locus MN, hence it can be assumed that a random 
mating population was sampled. However. in the Gujarati Indian 
population significant departures from Hardy Weinberg expectations 
were noted at the EsD and AP enzyme loci. due to an excess of 
homozygotes and a deficiency of heterozygotes. A number of possible 
reasons can be given to explain this, although it is most likely due to 
inbreeding, On comparing the gene frequencies of the biochemical 
systems in this study with those recorded by other researchers, a close 
agreement was noted. This indicates that the population sample studied 
is representative of the parent population. 
On comparing the results of the anthropometric data in the English 
population with that in the Gujarati population, differences are noted in 
human morphology. The Gujaratis tend to be shorter in stature, have a 
lower body mass and less subcutaneous fat tissue. This is partially due 
to hereditable differences between the two populations but the 
possibility of some environmental effect still exists. 
Several theories explaining the negative correlation between 
morphological variation and heterozygosity have been put forward. 
They basically fall into two categories. those that attribute the 
correlation to the scored loci themselves (mostly enzyme loci), and those 
that consider the scored loci as markers for genetic conditions that are 
not detectable by the assay method involved but are, nevertheless. the 
causative agents of the morphological variation in individuals. 
The theory of additive allelic effects was directly addressed in this study. 
This theory implies that the observation within a population, that the 
least phenotypic variation exists among the most heterozygous 
individuals can be explained by genotype pooling. In this study the 
homozygote genotypes were both pooled and then separated to look for 
any differences in variance of the traits in the two situations. No 
reduction in morphological variation was noted when the homozygous 
genotypes were treated separately instead of pooled. hence no evidence 
to support the theory of additive allelic effects. 
At present there is no consensus about the genetic mechanism underlying 
the morphological variance/heterozygosity correlation or any other 
correlation of heterozygosity with a phenotypic trait. This is not because 
one cannot choose among competing hypotheses that can explain the 
observations but rather because it is difficult to arrive at a hypothesis 
that will be consistent with all (or even the bulk) of the results to date. 
The observed negative correlation between morphological variation and 
heterozygosity was more pronounced in the English population than the 
Gujarati population suggesting that hypotheses that place a stronger 
emphasis on the structure of the population than on the scored loci e.g. 
associative overdominance. are more likely to explain those findings. 
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CHAPTER I 
INTRODUCTION 
AND 
LITERATURE REVIEW 
Waddington (1942, 1948) was one of the first authors to stress the 
importance of the developmental process in evolution from a genetic 
perspective. He proposed that natural selection acts on development 
primarily to produce pathways that are insensitive to minor changes in 
the environment and the genome so that the phenotypic norm of the 
species will result (Waddington, 1942). He referred to this process as the 
buffering or canalization of development. This "canalizing selection" or 
development ensures the relative constancy of the phenotype through 
evolutionary time (Waddington, 1960; Waddington and Robertson, 1966). 
Alterations in developmental pathways and, thus, the phenotypic norm, 
require either changes in selection pressures, so that the norm is no 
longer associated with maximum fitness, or the pressure of new genetic 
variability capable of having a phenotypic effect despite canalization. 
Waddington (1942) emphasised the importance of dominance and dosage 
compensation as genetic mechanisms producing canalization. 
Lerner (1954) extended these ideas by suggesting that heterozygosity 
acts to stabilise development. He used the term "developmental 
homeostasis" which can be defined as "the capability of an individuals 
genotype to produce a proper well-formed, adaptive phenotype in the 
face of the perturbations and insults that occur in the course of 
development" (Fu tuyma, 1979). In his publication "Genetic 
Homeostasis", Lerner argues that an increase in heterozygosity leads to a 
decrease in phenotypic variability and a favouring of the average 
phenotype. From his observations, which were primarily made on 
cultivated plants and domestic animals, he notes that highly 
heterozygous individuals generally exhibited the traits that breeders 
strive to fix in their strains. In comparison to inbred homozygous lines 
they usually had superior growth rates, often attained greater size and 
generally had more buffered developmental processes, resulting in lower 
morphological variation. In Lerner's view, heterozygosity at the 
individual or population level is advantageous in that it provides the 
organism with greater buffering ability to withstand environmental 
changes and, therefore, ensures a greater chance of survival and 
reproduction. Homozygotes lack this favourable effect of alternative 
alleles and are, therefore, less able to adjust to systemic and non-
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systemic changes in the environment and, consequently, show higher 
morphological variation. However a point that should be noted about 
Lerner's experimental evidence is that it relates to marker genes. These 
have major morphological effects and are, therefore, likely to influence 
fitness directly. 
Genes determining very widespread biochemical polymorphisms have 
been discovered since that time (Harris, 1966; Lewontin and Hubby, 
1966; Kimura, 1983) and these do not suffer from this defect. They can, 
therefore, be used very simply to test for the existence of the mechanism 
described above. since if heterozygotes have superior homeostasis to 
homozygotes they may be expected to vary less than homozygotes. 
However, largely panmictic populations may not yield evidence for 
homeostasis relevant to the phenomenon observed by Lerner (1954) 
since he was concerned with crosses between highly inbred lines. 
Allozymic variations in natural populations studied over the past two 
decades, have now convincingly established that genetic variation is 
generally ubiquitous in almost all taxa. Recent molecular data showing 
genic variations at the DNA level have strengthened this view (Nei, 1987). 
Many enzyme polymorphisms have been detected via electrophoresis. 
This technique can detect quite subtle alterations in molecular structure, 
provided that they result in a change in molecular charge. It has been 
this electrophoretic technique, which detects genetic variation at enzyme 
loci, that has recently been used to determine if there is a relationship 
between protein heterozygosity and morphological variance. 
Mitton (1978) examined the relationships between genetic heterozygosity 
of proteins and morphological variation in natural populations of killifish 
(Fl1odl1il1.f beterociitl1sJ. This was the first paper to attempt to relate the 
level of heterozygosity of enzyme loci to the amount of morphological 
variation. From a data set of twelve polymorphic proteins, five loci with 
the highest proportions of heterozygotes were chosen (SERE, EsD-2, LDH, 
G6PDH, PGM-l l. Individuals subjected to genetic analysis were also 
characterised for their number of scales along the lateral line, below the 
lateral line, and around the caudal peduncle, and the number of fin rays 
in their dorsal, caudal, anal and pectoral fins. Due to sexual dimorphism 
and genetic differences between the sexes, males and females were 
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analysed separately. For each locus, the population sample was divided 
into groups, those individuals heterozygous for that locus and those 
homozygous. Phenotypic variance for the heterozygous and homozygous 
groups was estimated using all seven meristic variables. The hypothesis 
tested was that individuals heterozygous for an enzyme locus have the 
same level of morphological variation as individuals homozygous for the 
locus. 
However, when heterozygotes were compared with homozygotes using 
the mean coefficient of variance, heterozygotes had a lower phenotypic 
variation than homozygotes. Thus this observation is consonant with 
observations compiled by Lerner. 
Eanes (! 978) studied the relationship between genetic heterozygosity and 
the variance of morphological characters in the Monarch Butterfly 
(J)/111/Jus pJe.rjppu.~l He chose to study six polymorphic enzymes. 
Electrophoretic variation at all six loci was inherited in a mendelian 
fashion, and three of the loci were known to be chromosomally unlinked. 
Hence the chance of linkage between other pair combinations was small. 
The right forewing length and the diameter of the major forewing spot 
(divided by the length of the adjacent wing vein) were measured in each 
individual. These morphological characters were normally distributed 
with a slight skew towards the smaller values. Due to sexual 
dimorphism, the sexes were once again treated separately. The 
association between genetic heterozygosity and morphological variability 
was examined by comparing the character variances of homozygotes and 
heterozygotes of each locus. The null hypothesis tested was that there 
was no difference in character variances between homozygotes and 
heterozygotes. However the results again showed that homozygotes 
generally had larger variances for morphological characters compared to 
h <!.trozygotes at the sa me locus. 
Leary et al (1983) studied the degree of symmetry in the Rainbow Trout 
(31J.i0lO ga.irdneril The researchers measured bilateral symmetry with 
five characters taken from gill rakers, mandibular pores and fin rays and 
estimated heterozygosity with thirteen protein polymorphisms and five 
bilateral characters for each individual. The number of heterozygous loci 
was negatively correlated with both the number of asymmetric 
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characters and the magnitude of the asymmetry. When each locus was 
tested individually, two out of the thirteen loci were significantly related 
to the asymmetry. Even when these two loci were removed from the 
analysis, however, the remaining polymorphisms were still correlated 
with the number of asymmetric characters. Thus, heterozygotes showed 
a reduced amount of asymmetry compared to the homozygotes. 
Mitton, Eanes and Leary conducted their research on poikilotherms, so it 
was only fitting that homeotherms be studied. Fleischer et al (1983) 
studied the House Sparrow fPJosser domestfeus) The specimens were 
measured for fourteen skeletal variables and, depending on the location 
of the bird, either two or four polymorphic enzymes were assayed. Data 
analysis involved both univariate and multivariate techniques. The 
results show consistently, among four locality samples, that the class of 
individuals of greatest allozyme heterozygosity nearly always exhibited 
the lowest multivariate morphological variance, and the class of greatest 
homozygosity nearly always exhibited the highest. Hence this finding is 
in agreement with Mitton, Eanes and Leary. 
Not all authors are in agreement with Lerner's predictions. Handford 
(I 980) studied the Rufous Collared Sparrow (Zonotrici1io copensis) In 
this study four enzyme loci were looked at with eleven metrical 
characters, (tarsus, tail length and three bill, four toe and two wing 
measures). Once again the sexes were considered separately. He found 
no difference in the levels of variation either between the homozygote 
and heterozygote classes or between classes of individuals at different 
numbers of loci. 
McAndrew et al (! 982) tested the hypothesis that enzyme heterozygosity 
is associated with decreased morphological variance in large samples of 
the plaice (PJeuronectes pJotesso). Five polymorphic enzyme loci were 
assayed from the muscle tissue of the fish and a further three 
polymorphic loci from liver tissue of many of the fish. Two meristic 
characteristics (caudal and anal fin ray numbers) were counted for 
virtually all the fish assayed electrophoretically and a third character 
(dorsal fin ray) on fish collected in the later stages of the project. No 
correlation between biochemical heterozygosity and morphological 
variability was noted in the plaice. 
5 
-- - - --------
Beacham and Withler (1987) studied Chum Salmon lOncoriJ.vnciJlIs };:elo) 
and Pint Salmon (()ncoriJ}71ciJw' gorbllSCiJ3i They examined the 
relationship between heterozygosity and the amount of fluctuating 
asymmetry in two meristic and two morphometric characters in the two 
salmon species. No association was noted between individual 
heterozygosity calculated at ten electrophoretic loci for Chu m Salmon and 
thirteen for Pink Salmon and the magnitude of fluctuating asymmetry for 
the four morphological characters examined. 
Strauss (1989) studied freshwater sculpins (COl/lI.~ leieoslei COl/idoe ). 
He estimated genetic (allozyme) variance and size-mdependent 
morphological variance among six species (32 samples) to examine the 
association between levels of genetic heterozygosity and morphological 
variability. A positive correlation was noted between heterozygosity and 
morphological variance which is contrary to Lerner's predictions. 
Handford (1980) suggested that there was a need for the investigation of 
variation in a wider range of taxa, particularly the higher vertebrates, 
hence human populations have also, recently, been studied. Livshits 
and Kobyliansky (1982) did a comparative analysis of morphological 
traits in biochemically homozygous and heterozygous individuals from a 
single population. They collected data from fourteen morphological traits 
and five biochemical loci, MNSs - two loci, Rhesus (Cc locus), Duffy and 
Phosphoglutomutase-I (PGM-I). They noted a significant difference 
between homozygotes and heterozygotes at the MNS locus. The 
heterozygotes tended to be nearer to the centre of the morphological 
traits' distribution within the population than the homozygous ones. 
Kobyliansky and Livshits (J 983) also studied the relationship between 
the heterozygosity of the loci of biochemical and morphological traits 
compared in seven Jewish populations. This comparison was based, on 
the one hand, on the average heterozygosity of six biochemical loci (four 
blood group and two enzymatic ones) and. on the other hand. on five 
morphological characters. To aSsess the heterozygosity level for 
quantitative traits (normal distribution) they found it useful to measure 
h=cufl., (where cu was the coefficient of variation. and fl. was the 
deviation of the population mean from the general average divided by 
6 
the standard deviation of the general distribution). h represented an 
inverse measure of heterozygosity. The authors noted a marked 
negative correlation between biochemical and morphological 
heterozygosity. Livshits and Kobyliansky (1984) carried out a further 
study on the Jewish population. The relationships between the 
variability of forty-eight morphological traits and the heterozygosity of 
four blood group loci were studied in Israeli Jewish males of Eastern 
European origin. A negative correlation was observed between the 
degree of heterozygosity and the coefficient of variation of the 
morphological characters. 
Comuzzie and Crawford (1990) noted that, with few exceptions, most 
studies studying the relationship between variability and morphological 
variation had utilised an interpopulational approach by examining the 
levels of heterozygosity between modal and extreme phenotypes 
typically by analysis of variance. They studied a midwestern Mennonite 
population (n-890) by correlating individual biochemical heterozygosity 
and deviation from the mean for anthropometric traits. The results of 
this intrapopulational correlation provided no evidence to support a 
relationship between biochemical heterozygosity and decreased 
morphological variability. 
Morphological characters are not the only quantitative traits studied. 
Oakeshott et al (1985) examined the effects of the protease inhibitor (Pi) 
polymorphism on alpha-I-antitrypsin concentration (AA T) and elastase 
inhibitory capacity (El C). They studied 1688 blood donors aged between 
18 and 65 years at the Canberra Red Cross Blood Bank. They claim that 
EIC and AAT are much more variable among homozygotes at the Pi locus 
than among heterozygotes. So this view of heterozygotes being less 
variable than homozygotes seems to be upheld again. However when 
Bartlett·s test is applied to their data (Snedecor and Cochran, 1971) it 
shows that EIC variances for all homozygotes and heterozygotes are 
homogeneous and that heterozygosity among the AAT variances is largely 
attributable to a large variance for one type of homozygote. On the other 
hand Beckman and Beckman (1980) did find that the variances of AAT 
for heterozygotes at the Pi locus was significantly lower than the variance 
for homozygotes. The AAT levels in heterozygotes showed a unimodal 
distribution. Among homozygotes, a tendency towards a bimodal 
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distribution was found. The mechanism behind this difference was not 
known. 
Batistuzzi et al (198 I) carried out electrophoretic and quantitative 
analysis of human red cell amino-levulinate dehydrase (ALADH). The 
enzyme is under the control of an autosomal gene with two common co-
dominant aJleles ALADH' and ALADH2, hence three genotypes. Their 
results showed that this polymorphism did not appear to contribute to 
the overall quantitative variation in enzyme activity, since the three 
phenotypes had almost identical means. 
Ward et al (t 985) studied a newborn population of Cardiff. Wales. The 
population was screened for three blood group loci (ABO, Rhesus and 
MN) and four enzyme loci (AP, PGM-I, ADA and EsDl. The 
morphological character studied was birth weight. Their results showed 
no significant difference between mean birth weights or birth weight 
variances for individuals homozygous or heterozygous at any of the loci 
studied. 
The results of these studies are inconclusive, so the question of of the 
relationship between biochemical heterozygosity and morphological 
variability remains unresolved. Not only this but the reasons for any 
possible differences between homozygotes and heterozygotes in means 
and variances are not clear. It is for this reason that it was decided to 
look at the relationship between enzyme heterozygosity and 
morphological variance in two Caucasian male population. 
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CHAPTER 11 
THE POPULATIONS 
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1. The British Population 
EVidence of genetic variation in Britain comes from several sources, 
0-
history and tradition, archeology, linguistics, personal and place names. 
There is also some biological evidence but very little genetic evidence. 
All sources testify to the successive invasions and immigrations, on 
varying scales, into Britain. Because of Britain's position in relation to 
Europe, this has resulted in streams of settlers coming into these lands 
from different parts of the continent, hence an infiltration of new genes. 
Small bands of palaeolithic men wandered across Britain, hunted and in 
the long intervals of ice recession during the Pleistocene, living in small 
family bands. After the final retreat of the ice, as game and vegetation 
increased with the warming climate, the population increased to 
thousands instead of dozens and the Monolithic culture period developed. 
This period of hunting, fishing and food gathering was followed by the 
introduction of agriculture and the establishment of settled communities 
by migrants from the Mediterranean. This was the so-called Neolithic 
Revolution. A powerful megalithic civilisation spread over the whole of 
Ireland and the higher zones of Britain, the culture having been brought 
by SeD- from the South and West i.e. from Spain and Atlantic France, 
while into the East of Britain, from across the North Sea, came the 
Beaker folk. These newcomers must have brought their genes with them 
as well as their culture, so that population differences may well have 
coincided as early as this with the two cultural provinces whose existence 
was demonstrated by the distribution studies of Ch.! tty and Fox (1932) 
and which persisted throughout early history. Invasion of the South East 
and East Britain from the French, Flemish and German coasts tended to 
spread generally over the lowland zone. Invasion was frequent, groups 
of men and materials could cross the narrow seas quickly, cultures 
succeeded each other in rapid succession, each invasion tending to 
destroy the influences of its-predecessor - a zone of cultural replacement 
and probably more gene pool fluidity. By contrast, the western region 
received it's new contacts in smaller doses, perhaps by trading and 
occasional raiding rather than by massed invasion, so that already-
existing cultures tended to absorb the new infiltrations, old customs and 
old ideas lived long, giving continuity of tradition and, probably, also 
continuity and slow infiltration of gene pools. 
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By the late Bronze Age, the culture had spread over the whole of Britain. 
Ifs unlikely that this meant the elimination of the earlier population 
from the North and West but rather the gradual diffusion of new 
improved ideas from one group to it's neighbour. The Bronze Age 
population avoided the lowest lands and the heaviest soils were too wet 
or too wooded for occupation and the highest were too exposed but they 
settled freely in the upland valleys and on the shelves of land in the 
foothills between the mountains and the valley bottoms. Settlement was 
particularly dense in Eastern Northumberland, with penetration up the 
Tweed and through the Tyne going into the Eden Basin; the dales of the 
Central Pennines, especially Airedale, carrying a similar penetration 
over the watershed into the Ribble Valley; the Derbyshire uplands; 
North Wales from Flintshire to Anglesey; Western Cornwall and the 
plateau of Dartmoor. Thus the Bronze Age population was not large or 
continuously distributed but, at least, the gene pools were continuous in 
time, the population seemed to be expanding, there was more and more 
contact of groups with each other and with, outside accompanying the 
development of trade, particularly in metals. 
Thus, there probably existed a biological duality of population in Britain 
at the commencement of the Iron Age. During the Iron Age the South 
and East of Britain was invaded, once again offering a cultural duality. 
This distribution of newcomers would have accentuated any genetic 
distinction from the North and West that survived from the Bronze Age. 
Some of the Iron Age settlements indicate a mode of life not very 
different from that of their late Bronze Age predecessors, storing the 
grain and keeping livestock in their farms or villages, often undefended, 
lying among little fields on river gravels, altogether indicative of a 
peaceful existence, conductive to a continuing and stable gene pooL But 
the hill forts which begin to appear in large numbers indicate the 
developing tribal system and tribal wars as newcomers multiplied in the 
South East. The South West had a somewhat different Iron Age culture, 
commencing at the beginning of the 4th Century B,C" indicating contact 
with Iberia and Armorica, The main development of this took place in 
Dorset and Somerset, spreading along the Cotswolds into the Midlands, 
Again the good quality pottery, metal and wooden objects testify to 
leisure, particularly the beautiful flowing decoration, but again this 
civilisation depended on military power for ifs hill forts are numerous, 
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massive and intricate. There was a third Iron Age culture, whose links 
are clearly in the Seine valley, which developed in the North East of 
Britain and particularly in the East Riding of Yorkshire, here there was an 
aristocracy of invading warriors establishing their dominion over a 
people whose daily life was still characteristically Bronze Age. While the 
strong similarities of the three Iron Age cultures, all deriving originally 
from settlement by newcomers from the Continent probably represents 
fundamental similarity of descent, there is evidence of the inflow of 
genes from different areas into these three different parts of Britain. 
The last of the Iron Age invasions, best known because it led directly to 
the invasion by Julius Caesar, was that of the Belgae in the 1 st Century 
B.C., who entered the South East of Britain from Gaul where they were 
derived from a mixture between Iron Age people of the Marne and the 
Aisne Valleys and newcomers from Germany. All previous inhabitants 
of Britain had occupied areas of primary settlement, the lighter soils 
whether on uplands or on river terraces which were naturally drained 
and unencumbered by heavy woods. The Belgae had the advantage of 
the additional traditions of the German forest dwellers, accustomed to 
living in woodland clearings and with an agricultural technique adapted 
to working heavy soils. 
Thus at the time of Julius Caesar in the South East there was a dense 
population of vigorous Belgic settlers developing their farms over the 
countryside, clearing forests, breaking up new land with heavy ploughs 
and reaping rich crops. They were divided into small tribes often 
engaged in petty warfare but they were mainly concerned with pushing 
forward their own areas of settlement. To the west and north of them 
and in the forest of Weald was an older civilisation extending to the 
Wash, the forests of the Midlands and Wiltshire uplands. This was a 
mixture of primitive Bronze Age with Iron Age culture, a generally 
stagnant peasant civilisation, housed in hut villages working the lighter 
soils, it s chiefs living in hill forts on the open downs, but with 
developed larger tribal units, Trinovantes, Iceni, Regni. West of this 
lay a richer and more progressive people, for the Cotswolds, Somerset, 
Dorset and the land surrounding them supported a large population of 
well organised tribesmen, primitive in agriculture compared to the 
Belgae, but powerful in politics and war and gifted in the arts. To the 
northeast there was another culture like theirs, dominating the Midland 
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forests from the fortress of Hunsbury. Northeast again were the 
warriors of Lincolnshire and Yorkshire, who were gradually asserting 
their supremacy over the hut villages of the Northern Bronze Age and 
laying the foundations of the Kingdom of the Brigantes. Northwards 
beyond the Clyde were the Caledonians with little contact with the Iron 
Age folk. The western most fringe of the country similarly was in 
civilisation practically untouched by Iron Age influences. though the 
language may have been acquired. Cornwall was probably the most 
progressive with it's tin trade and ancient connections but Devon, Wales 
and the Northwest were still occupied by a poorer and less advanced 
Bronze Age population. living in hut farms and villages with few 
implements elcept of wood and stone. The duality of highland (North 
and West) and lowland (South and East) Britain in population remained 
and in the latter, at least. there was good evidence of some regional 
differences following the cultural zones. 
For 300 years (AD 43-407) Britain was a Roman province. Undoubtedly 
there must have been some inflow of genes from the legionaries of the 
incoming Roman armies from all over Western Europe but though there 
was movement of individuals. it is unlikely that the population of Britain 
moved to any great extent from one part of the country to another. 
Under civil rule. native Britons lived peaceably and enjoyed many 
advantages of the Roman lifestyle; the new towns such as Lincoln. the 
roads built for administrative and military convenience and some of the 
new religions, among them Christianity. But after 407 the Romans 
withdrew and, undefended by the legions, Britain was subjected to 
pressure in the east and southeast from Anglo-Salons (Le. Angles. Saxons 
and Jutes from the west Germanic regions) and. in the north. from the 
Irish and the Picts. 
Tradition has it that the first Anglo:Salons landed on the Kent coast in 
449. but their presence as hired mercenaries and pirates had been felt 
before the Romans left. Over the next century or so further bands of 
invaders crossed the North Sea to penetrate deep into the heart of 
England via rivers such as the Thames or the Great Ouse and the Welland 
which feed into the Wash. The Angles established themselves in East 
Anglia. the northern Midlands, Yorkshire and Northumberland; the 
Saxons in Essex. Middlesex. Wessex and the Hampshire basin; and the 
13 
Jutes in Kent. By 800 the Anglo-Salons had pushed down into southwest 
England, westwards as far as Offa's Dyke (which divided Wales and 
Mercia) and across the Pennines. 
The old idea of the Anglo-Salon conquest as a large scale folk movement, 
with massive numbers of peasant families displacing older British 
communities, is now no longer accepted. Some British kingdoms even 
managed to survive after the coming of the Anglo-Salons. Elmet, a 
British kingdom occupying the area around Leeds, maintained it s 
independence up to the early 7th Century. It now seems likely that the 
Anglo-Salon. ascendancy over England was achieved, not by weight of 
numbers, but by a warrior aristocracy who took over the reins of 
lordship and imposed their culture. 
The Danes (who are generally grouped together with the Norse and 
Vikings) began raiding England for plunder and stores during the 8th 
Century. By the second half of the 9th Century their intentions changed 
and they began settling in eastern England. Their strongest contribution 
was in the Midlands, Lincolnshire, Leicestershire, Northamptonshire, 
some of Nottinghamshire and Derbyshire. In East Anglia, Norfolk was 
the most widely influenced area. As with the Anglo-Saxons, their 
settlement did not involve a massive movement of people. The Danish 
'Great Army' divided up the land and began to farm it. In regions 
where they settled in large numbers they imported a distinctly freer 
character to local society. Eastern England became the Danelaw, an area 
where Danish criminal law and inheritance customs held sway until the 
11 th Century. 
While the Danes were colonising eastern England. the Norse (Norwegians) 
were establishing a foothold in Northern England. Commencing around 
800. they overwhelmed the Northern Isles then spread southwards via 
the Hebrides to Ireland and the Isle of Man. Given their command over 
the Irish Sea, it was not surprising that the Norse should eventually cross 
into the coastal lowlands of Cheshire and Lancashire and into the Lake 
District. They even pushed eastwards over the waterShed into the upper 
reaches of the Yorkshire Dales. The emigration of the Norse was 
decidedly a folk movement, motivated by land-hunger. Indeed, Orkney 
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and Shetland remained in Norse hands, and were shaped in their cultural 
evolution by Norse language and custom, until 1469. 
Because of their early raids, particularly on rich monasteries (notably on 
Lindisfarne in 793), the pagan Vikings received a bad press from 
contemporary chroniclers who were, of course, the monks who had 
suffered most from the onslaughts. But Scandinavians later made many 
positive contributions to British life. Agricultural settlements, for 
example in the Lake District and Pennines, derived from their pioneering 
efforts and, latterly, we have begun to appreciate their vital role as 
organisers of trade. With their seamanship and Wide-flung contacts, 
they were well placed to exploit the potential of long-distance trade; 
towns like York and Ipswich became key centres. 
The immediate post-Roman period also saw the invasion of various pans 
of Britain by the Irish. The main Irish colonisation involved a movement 
of Ulster's 'Scots' into the southwest Highlands and Islands after 450, 
where they formed the Kingdom of Dalriada and introduced the Gaelic 
language. By a union with the Picts, a Scottish king, Kenneth mac Alpin 
(858), became ruler of all the Highlands. Traces of further Irish 
settlements during the 5th and 6th Centuries have been uncovered in 
southwest Scotland, Cumbria, northwest Wales and southwest Wales. 
In the latter area, the Irish ruled Dyffed and established Irish as the 
spoken tongue of the area. Only in the 8th Century did Welsh kingship 
and language re-assert themselves. 
The last successful invasion of Britain was by the Normans. With 
WiIliam the Conqueror's victory over Harold at the Battle of Hastings in 
1066, the whole of England was opened to a land-grab by Norman lords 
and knights. The Conquest didn't stop at England: by the end of the 
11th Century, the Normans had pushed deep into Wales and established 
vast lordships such as Brecon and Clun, . as well as taking control of the 
southern coastal lOWlands as far west as Pembrokeshire. Their 
penetration of Scotland took a different course. With the accession of 
David I (1124-53), many Anglo-Normans were invited to settle there. 
Slowly but surely, the whole of southern Scotland and eastern Scotland 
as far as Moray acquired a significant Anglo-Norman presence. 
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The Normans brought with them a complex feudal hierarchy of 
landholding, with the king and the great barons at it s apex and the 
ordinary peasants at it s base. The conquest had little effect on the 
peasantry, but Anglo-Saxon nobles lost much land and status. 
Though the last invaders of Britain were Normans, there have been 
many waves of more peaceful migrations. The first large-scale, non-
military migration was the arrival of the Huguenots (French protestants) 
who had been expelled from persecution to protestant states such as 
England where they settled mainly in Norwich and London taking over 
areas of Soho, St. Giles and Spitalfields. 
The first Jewish settlers in Britain came with William the Conqueror, who 
invited a number of Rouen Jews to accompany him and help to finance 
the conquest. Jews and finance were inseparably linked in medieval 
Europe, because of the limitations of their employment in a Christian 
world, and their exemption from laws forbidding usury. The association 
with money and profit fuelled the phobias of a populace trained by 
medieval Christianity to treat the Jews as scapegoats for their woes, and 
the Jewish communities that grew up in many British towns were 
regularly intimidated. Punishing taxes were extorted from the Jews by 
Henry III and, in 1290, being no longer capable of contributing to the 
royal coffers, they were expelled from the country by Edward I. 
In 1656 Oliver Cromwell re-opened the doors of the Jewish settlers and, 
by the early 18th Century, a flourishing community had established 
itself in London. Large-scale Jewish immigration, however, was a 
phenomenon of the late 19th Century; refugees from the pogroms of 
eastern Europe travelled far afield in search of new homes. The new 
Jewish arrivals settled mainly in areas of Manchester, Newcastle, Hull 
and the East End of London. 
At the beginning of the 19th Century, seasonal migration from Ireland 
became customary among poor farmers who worked on building sites and 
big farms of the 'mainland' in the summer and returned to dig their own 
spring-sown crops in the autumn. The famine of the 1840s was a 
catalyst that stimulated the arrival of permanent Irish settlers in Britain, 
Thereafter emigration was made a significant feature in Irish life by two 
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factors; the chain process whereby those already abroad enabled their 
relatives to join them; and the custom by which a farm was inherited by 
only one son instead of being subdivided among numerous children into 
uneconomica1ly sized holdings. 
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2. The Gujarati Indian Population 
India is the seventh largest country in the World with 2.4" of the World's 
land area and 14" of the World popu \o-tion (Morrish. 1971). It can be 
divided into 24 states or divisions. one of which is Gujarat. 
The state of Gu jarat. which came into existance. as a result of 
reorganisation of the former Bombay state. on May 1st 1960. lies 
between 20.1° and 27.7°N and 68.40 and 74.70E and covers 187.09Ikm2• 
which comprises 6.14" of the area of the Indian Union, although it 
contains only 4.7" of it's population. It is the ninth largest state in India 
with a population density of 136 per km2 (average for all India is 182 
per km2) with the TropiC of Cancer passing through the north border, the 
state has an intensely hot/cold climate, but the Arabian Sea and Gulf of 
Khambhat help to reduce the temperature. The rainfall ranges from 33-
I 52cm with a moist southern area and a dry northern region. 
Due to it s geographical location along the western coast of India and also 
due to it s inland connections, Gujarat has been assimilating and 
absorbing various populations and cultural strains, which have come into 
this region in the course of it s history (Bhasin, Singh, Sudhakar, 
Bhadwaj, Chahal, Waiter and Dannewitz, 1985). It has given shelter to 
many races who crossed into it and, since it is an area of exchange in 
commerce and culture, this has resulted in a synthesis of many races and 
cultures. These manifold connections and contacts with other 
populations coming into Gujarat must certainly have affected the genetic 
components of the present day inhabitants of the state of Gujarat. By 
about 2000B.C. the Indus valley civilisation had already entered into the 
Peninsula Gujarat and South Gujarat. They built many new settlements 
over existing ones, but their area was invariably much larger. The new 
cities Jf,ended upon the same technology and subsistence basis, but on 
an enhanced scale to those previously seen. Stone tools continued to be 
made, but copper and bronze became more common. There is much 
evidence of greater craft specialism. Many of the settlements show 
direct continuity of occupation from the previous period and the extent of 
the Indus civilisation is also almost identical to that of the early Indus. 
with certain significant variations. There are some peripheral areas in 
which typical Indus settlements are found among a majority of sites of a 
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provincial type reflecting the continuing early Indus style, perhaps 
suggesting a colonial situation. 
The social and political structure which created and maintained their 
cultural unity over a large area for over five or more centuries is still far 
from clearly understood but ifs existence is demonstrated by, for 
example the promulgation of a single script (and presumably language) 
throughout. 
There has been considerable discussion regarding the exact cause or 
causes of the emergence of the Indus civilisation. One school of thought 
has invoked invasion by a people coming from outside, but this seems 
improbable. Even more unclear are the exact causes of Indus urban 
society. Whatever these were, much of their culture and lifestyle 
remained alive, to be passed down, through the late Harappan culture of 
the second millennium, to later Indian society. 
The Vedic Age began in 1500 B.C. with the migration of tribes of Indo-
European origin, knoWl as Indo-Aryans, from the Iranian Plateau into 
the Punjab, and represented a sharp contrast to the urban culture of the 
Harrapans which had declined in about 1750 B.C. The Indo-Aryans were 
semi-nomadic pastoralists. They gradually took up agriculture, formal 
village communities and organised themselves into tribal societies led by 
a chief warrior (Raja) who was also protector of the tribe. Assisted by 
Brahmin, priestly families (Brahmanas) who composed the Vedic hymns, 
these warrior lineages (Rajanya) gained the status of rulers. The Raja, 
therefore, was primarily a war leader who, in return for protection, 
received tribute from his tribe. 
The most important development in the Vedic Age, was the emergence 
of the Varna order of the caste hierarchy. The critical distinction 
between the Aryan tribes and the non-Aryan peoples was based on 
Varna (colour). The priests, the warriors and the people constituted the 
three main divisions within the Aryan tribes, which later assumed the 
position of the three dvija or twice-born castes. The non- Aryan people, 
as well as economically less important groups, were brought under the 
broad category of the Shudras who were mainly cultivators and generally 
expected to serve the three higher varnas. Thus, the caste structure of 
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society emerged from lineage groups into which non-lineage groups had 
been integrated. 
Following on from the Vedic Age was the Classical Age (300-650 A.DJ 
which was dominated by the Gupta Era. The Gupta s performed Vedic 
sacrifice to legitimize their rule and patronised the brahminical religions. 
Buddhism also received a fair amount of support. This period also 
witnessed the crystallisation of the main components of later Hinduism, 
such as bhakti. image worship, the temple as the central institution in 
social and religious life, Vaishnavism and Shaivism as the two prime 
brahminical religions and Tantric worship especially of the Mother 
Goddess. 
The ninth century records the start of the period of history proper rather 
than the legendary one. This was the Solanki Era, 942-1297, the 
flowering of the Gujarati Culture, manifested in it s arChitecture, 
language and script. Towards the end of the thirteenth century came the 
advent of Muslim rule with the defeat of Gurarat by Allauddin Khiljil in 
1297. Before establishing their political sway over Gujarat, the Muslims 
already had colonies in Broach and Khambhat. Following Allauddin, the 
Turks and the Afghans conquered the area, one after another, until the 
Muslim rule ended in 1758 with the surrender ofAhmedabad (a city 
founded by the Muslims) to Maratha. Maratha power came to it's end in 
Gujarat in 1819, but during their rule and prior to it, the Europeans an d 
Portugese were establishing their colonies (BhaLt 1972). 
The Gujaratis have a long tradition of organisation and for centuries have 
been trading with East Africa, where many have settled to become 
traders and merchants in that country. The Hindus from Gujarat who 
have settled in the United Kingdom belong mainly to the agricultural 
castes, agriculture being the main occupation of the people of Gujarat. 
Gujarat has 54% of it s total area under cultivation with 1.2 acres per 
capita, and 68% of the working population engaged in agriculture 
icompared with an all India average of 69% l. 72% of the population is 
rural and 28 % urban compared with the rest of the country Which has 
80% rural. The remainder of the immigrants to Great Britain are usually 
village craftsmen. Gujarat lies third in the industrially advanced states 
of India, with Ahmedabad, Baroda, Surat, Jamnagar, Bhavnagar and 
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Rajkot being the main centres of industry and accounting for 50% of the 
total working factories and 61 % of the total number of workers, 
employed in the state. The largest city in Gujarat is Ahmedabad and the 
other major cities are Baroda, Surat, Jamnagar, Bhavnagar and Rajkot 
(Government of Gujarat, 19671. 
The motive forces behind emigration are the pressure of land and 
unemployment, and the migrants are drawn mainly from central and 
southern parts of Gujarat, particularly from the districts of Surat and 
Charottar (Rose, 1969). 
The Gujaratis who have emigrated appear to be a highly literate group 
(with the Jj. teracy rate higher for this group than the average for all 
India. Almost all male Gujarati immigrants are literate, many have been 
to a college or university, but, although almost all the female Gujaratis 
are literate, few have been to university (Morrish, 1971). 
The majority of the migrants are Hindu, as Hindus comprise 89%, 
Muslim 8.5%, Jains 2%, rest 0.6% of the Gujarat State population, but 
Gujarati emigration also contains a minority of Muslims who appear to 
have come from the three administrative districts of Baradon, Surat and 
Broach, drawn from some twenty villages and from the towns of Baroda, 
Broach, Surat and Bardoli, all within a distance of approximately 100 
miles and many from within the coastal area, which is well known for it s 
commerce and wealth, mercantile and marine activities. Of all the states 
in India, Gujarat has the longest coastline with nearly one third of the 
total number of ports in India, 45 of a total of 71. Many of the 
migrating Gujaratis had relations in East Africa and the majority came to 
Great Britain as complete families. (Rose, 1969 l. 
The general health standards in Gujarat are comparatively better than 
the all- India standards. Infant mortality is steadily decreasing with 
improvement in medical and health facilities provided by the state and 
was 54-64 per 1000 births (! 968 l.The birth rate was 27.3 per J 000 
and the death rate 9.9 compared with the all-India birth rate and death 
rates in 1961-65 Of 41.0 and 17.2 respectively (Bhatt, 1972). 
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Caste and the Ordering of Hindu Society 
An overwhelming majority of Hindus of India, particularly those living in 
rural areas, identify themselves in terms of their 'jati' or caste. The 
implications of caste identity, however, have been changing 
continuously. Early texts consider the emergence of 'jati' a socially 
confusing and morally degenerative process resulting from the 
indiscriminate intermingling of the four varnas (colours) of Vedii: society, 
that is Brahmins, Kshatriyas, Vaishyas and Shudras. Although these 
divisions were not rigidly defined certain roles and conventions obviously 
governed the choice of spouse and occupation. 
Dharma (righteousness) is what sustains the cosmic-moral order 
(Samsaral. It lights human activity (korma) to the level of righteousness. 
The three principal goals of human endeavour (purushartha) are said to 
be dharma, artha (pursuit of economic and political goals) and kama 
(fulfilment of bodily appetites). These are, however, to be so pursued 
that dharma takes precedence over and includes the other two. A fourth 
goal. moksha or release from the cycle of retribution is also mentioned 
but it is usually viewed as a very gradual process. In the meanwhile the 
emphasis is upon the performance of one's social duties. 
In it s most concrete connotation dharma is the web of social obligations 
defined in terms of one's 'jati' and the stage of one's life (ashrama). Four 
such chronological stages were recognised by the ancient law givers; a 
preparatory stage of pre-marital youth (brahmacharya) was followed by 
that of the householder (grihastha); later in life one was expected to go 
into retirement for spiritual pursuits (vanaprastha); finally came 
renunciation (sannyasa), the complete withdrawal from all social 
obligations. For the present 'dark age' (kaliyuga), the law givers 
stressed above all the stage of this-worldly householder and enjoined 
domesticity upon him as his dharma. Right conduct, therefore, 
depended upon observing one's caste and family obligations and was 
socially sanctioned. 
society. 
This remains the prevailing ideology of Hindu 
Castes and families are, then, the building blocks of Hindu society, 
Membership of a caste is by birth: one may lose one's caste identity by 
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being thrown out of one's 'jati' for severe misconduct but one does not 
thereby become a member of another caste, Castes reproduce 
themselves through endagomy, that is, marriage within a defined group. 
Caste occupations are usually hereditary, particularly among artisan and 
'service' 'jatis', Each caste stands below, above or on a par with others in 
a system of social ranking, While the top and the bottom rungs of the 
social ladder are fairly well defined and occupied by the Brahmin and 
Shudra castes, there is much competition for the middle positions. 
According to traditional caste ideology, which is obviously the brain-
child of Brahmins, the key to the rank order lies in the notion of ritual 
purity. Empirical studies in contemporary rural India have revealed that 
the acquisition of wealth is generally inadequate to enable a caste to cross 
the barrier of pollution in attempted upward mobility, low castes which 
are not polluting have been, however known to improve their social rank 
by collectively adopting some of the crucial elements (for example, 
vegetarianism, the practice of dowry, Brahminic rituals) of the life style 
of higher ranked clean castes: this process has been called 'sankrtization'. 
The practice of 'untouchability', severely restricting the social cont acts 
and livelihood opportunities of the lowest castes (usually associated with 
death and body excrements), against which Mahatma Gandhi launched a 
countryside campaign, was declared illegal in the Constitution of 
Independent India, moreover, the uplift of depressed and backward 
castes has become the constitutional obligation of the state, The 
principal instrument employed for this purpose has been protective 
discrimination. Reservation of 'places' in educational institutions, 
elective bodies and government service, from the lowest to the highest 
levels, has enabled the so-called 'scheduled' castes and other notified 
communities to make considerable socio-economic progress in the last 30 
years. 
A leading source of social change in caste-bound Hindu society has been 
electoral politics based on universal adult franchise, While power was 
traditionally the preserve of clean castes, they are now able to retain it 
only with the support of the numerically predominant lower castes who 
have often chosen to wield it themselves. Caste 'associations' and 'vote 
banks' have merged as significant political forces in the assertion of 
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equal rights of citizenship, and have generated considerable tension in 
the countryside, legislative measures seeking to alter the traditional 
patterns of land ownership and land use, though not thoroughly 
implemented, have been quite broad in scope and have been particularly 
advantageous to the middle-level peasant castes. 
Castes have become similar to ethnic groups in other plural and socio-
economically societies. The forces of politicisation. economic 
development and secularisation have produced a paradoxical situation by 
simultaneously weakening caste as a ritual status-based group and 
strengthening it as an ethnic group. A breakdown of the ritual status 
and politico-economic power has taken place, but castes are not yet 
classes. 
Of the traditional bases of 'jati", endogamy remains most widespread, 
enablin:g"castes to reproduce themselves for objectives which are partly 
traditional and partly modern. Marriage within the caste (or sub-caste) 
results in all of a persons kin and relatives by marriage sharing caste 
membership with him. The smallest kin group within a caste is the 
household. Households exhibit different forms of familial structure, 
ranging from the nuclear to the extended, at different points of time. 
The trend towards nuclearisation is becoming gradually stronger. 
Families often become occupationally and spatially diversified or 
individual members move away from hereditary or traditional work. 
The gradual strengthening of the aspirations of individuals within 
households has resulted in a weakening of caste solidarity in certain 
contexts; kinship loyalties too tend to be increasingly narrowly 
circumscribed. 
Clearly both populations have had a number of invasions through history, 
many of which have been peaceful. As a result, it would suggest that 
both populations are likely to show a high degree of heterozygosity. To 
study this there has been a lot of recent research in both populations and 
this has now proved to be the case ( Roberts et at 1981; Hoirn et al 
1977; Lanchbury et at. 1990; imaizum, 1974; Blake et at 1970; Bhasin 
et ai, 1985; Verma and Dongre, 1965). 
2 
CHAPTER III 
MATERIALS AND METHODS 
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3: I SELECTION OF SUBJECTS 
Several criteria were used in the selection of subjects. Firstly, because 
of sexual dimorphism, males and females had to be treated separately, 
hence only males were selected. The males selected were chosen 
initially from the age group 26-30 years. but. because of the difficulty of 
getting enough subjects in this age range, it was widened from 23-35 
years. It was important to select subjects no younger than 23 as this 
was taken as being the age of complete human growth (Tanner et al, 
1975). The maximum age was put at 35 years as older subjects may 
have caused an age related difference, particularly in relation to body 
fat. All ages were scored using a decimalised year chart (Appendix A). 
Subjects were selected from the East Midlands Region. 
Approval for this study vas granted by the Department's 
Ethical Advisory Committee in 1988 and subsequently under 
the generic protocol on General Anthropometry approved by 
the University's Ethical Advisory Committee. 
(a) The English Male Population 
The sub jects fitting the above criteria were asked to fill in the first part 
of the questionnaire (Appendix B) which asked about their place of birth 
and that of their parents, socioeconomic status, diet and health. Their 
parent's birth place scored as one of 11 categories. only 1-8 being 
selected in this research project (see figure I). They were also asked if 
they had any non-British antecedents and if so they were excluded from 
the study. All the subjects who took part in the study were born in the 
East Midlands. Socioeconomic status was recorded using the Office of 
Population Census and Survey Census 1981 and, hence, five categories 
were selected (Appendix C). 
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'IGURE 1. S=d.:lrd Regions and councies of England, Scocland :>nd Wales 
-
Code Region Individuals 
No fromRegion 
1 NClth 19 
2 Y rrt:shire & Humbemde 37 
3 EastMidlands 81 
4 WtAnglia 35 
5 SollthE= 49 
6 SollthW~ 24 
7 WesiMidLands 53 
8 NO!tbW~ 27 
9 Smt'and 0 
10 Wales 0 
11 NO!tbcmIrcland 0 
27 
Several methods were used in attracting subjects to this study. First 
letters were sent to over 60 different companies (Appendix D) in the East 
Midlands but the response was poor. Only 37% of the companies replied 
to the letters and of these only 18% participated in the study. Second, 
an advertisement was placed in the local newspaper but again the 
response was poor. Finally, a 'gimmick (Appendix E) was used, as 
subjects were given the opportunity of finding their percentage body fat 
and comparing it, not only with tabulated figures (see figure 2), but, 
with that of their colleagues. This method attracted the majority of the 
subjects in this study. 
Figure 2: I Body Fat from Body Density for Young Adults 
Density (g/ml) % fat Classification 
1.090 4.1 very lean male 
1.080 8.3 lean male 
1.070 12.6 lean female 
average male 
1.060 17.0 desirable female 
fat male 
1.050 21.4 average female 
very fat male 
1.040 26.0 plump female 
obese male 
1.030 30.6 fat female 
very fat female 
1.0 I 0 40.0 obese female 
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(b) The Gujarati Indian Male Population 
The subjects were asked to fill in the first part of the questionnaire 
(Appendix F) which was slightly different to that of the English 
population. Questions regarding their socio-economic status, diet and 
health remained the same but the Gujaratis were also asked about their 
caste. The castes were scored as 1-4 representing the four major 
divisions in Hindu society and the fifth caste representing the Muslims. 
The parents birth place was also scored differently. The state of Gujarat 
can be divided into nineteen separate divisions so the subjects were 
asked which division their parents came from (see Figure 3). 
Subjects taking part in the study had anthropometric measurements, 
finger prints and blood samples taken at Cossington Sports Centre, 
Belgrave. Leicesteri and the Department of Human Sciences, 
Loughborough University, Loughborough. The same gimmick used to 
attract the English male subjects was used in the Gujarati propulation, 
however advertising through local Indian radio stations proved more 
effective than letters to companies. As Belgrave has a high Gujarati 
population, many subjects were encouraged to take part, just by 
. standing on the High Street and asking the general public if they would 
help in the study. Being able to speak Hindi proved beneficial 
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3:2 ANTHROPOMETRIC MEASUREMENTS 
Anthropometry is a major tool in studying morphological variation. A 
key issue in the use of anthropometry is in the selection of measurements 
as they have to give a good indication of overall body size. Most 
variation in human morphology relates to the development of bone, 
muscle and subcutaneous adipose tissues as well as the viscera. The 
following measurements focus on bone, muscle and subcutaneous 
adipose tissue, although the viscera comprise a significant portion of this 
body mass. These measurements consider regional variation; hence 
both trunk (upper and lower) and extremity (upper and lower) 
dimensions are indicated. Ease of site location and accessibility are also 
taken into consideration. 
When there was an choice between the left and the right side of the body, 
all measurements were taken on the left side. Researchers have noted 
that the readings for the right side of the body are larger than those for 
the left side (Damen 1965, Schell et al 1985). However, the bias 
associated with the side of measurement is less than the measurement 
error. On the grounds of scientific uniformity and European convention, 
the left side was selected. 
(a) OVERALL BODY SIZE 
0) Stature: This measurement was taken using the Harpenden 
portable stadiometer. The subject was barefooted and wore only a pair 
of shorts so that the positioning of his body could be seen. He stood on 
the flat surface that was at right angles to the vertical board of the 
stadiometer, (see figure 4). The subject was asked to stretch upwards to 
his fullest extent, aided by gentle upward pressure under the mastoid 
processes and encouraging 
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A--:~M 
FRANK FORT PLANE 
. STATURE 
Figure <l: Standing Posture 
for standing height • A· 
represents an adjustable 
cross bar 
the subject to 'stand tall'. This helps 
to reduce the diurnal variation in 
stature. (Weiner and Lourie. 1981 l. 
The weight of the subject was 
distributed evenly between both feet 
and his head was positioned in the 
FrankIort Horizontal Plane, (a line 
from the lower border of the left orbit 
to the upper margin of the enernal 
auditory meatus). The subject placed 
his heels together, with both heels 
touching the base of the vertical 
board. The buttocks and scapulae 
had to be in contact with the vertical 
board. The subject was asked to 
inhale deeply and to maintain a fully 
erect position without altering the 
load on his heels. The movable 
headboard was brought onto the most 
superior point on the head with 
sufficient pressure to compress the 
hair. The measurement was recorded 
to the nearest 0.1 cm. 
(ii) Weight: This is best measured with the subject nude but. so as not 
to cause any embarrassment to the subjects, they were allowed to wear a 
pair of light weight shorts that were provided for them. The 
measurements were taken on a Seca weighing scale, which enabled a 
reading to be taken to the nearest 1 ~Og. For simplicity diurnal 
variations in weight were not taken into account hence no record of the 
time of day was taken. With hindsight it should have been recorded, as 
there are diurnal variations in weight of about 2kg in adults, (Sumner, 
and Whitacre, 193 I l. 
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(b) SPECIFIC SEGMENT LENGTHS 
Sitting height: This is a measure of the distance from the seating 
surface to the vertex, (the most superior point on the head in the sagittal 
plane l. A _;-'" 
n 
Figure 5: Diagram illustrating 
incorrect position for silting 
height measurement 
FRANK FORT PLANE 
SITTING 
HEIGHT 
Figure 6: Diagram illustrating 
correct position for sitting 
height measurement 
It is a composite' measurement that includes the trunk, neck and head. 
When the subject is seated the body weight is supported by the ischia, 
therefore the lower enremities contribute little to the measurement. 
The subject was asked to sit on a Harpenden sitting height table with his 
legs hanging unsupported over the edge of the table and with his hands 
resting on his thighs. It was important to make sure that the subject's 
knees were as near to the edge of the table as possible and that his 
buttocks and scapulae were in contact with the vertical board. (see figure 
5 j, The subject was asked to sit as erect as possible in the Frankfort 
Horizontal Plane, (see figure 6 l. Gentle upward traction on the mastoid 
processes ensured the fully erect seated posture. At this point the blade 
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of the anthropometer was lowered onto the vertex. The subject was 
instructed to take a deep breath and the measurement, recorded to the 
nearest O.lcm, was made just before the subject exhaled. 
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(c ) SJ::ELET AL BREADTH. INDICATORS OF SJ::ELET AL ROBUSnCITY 
(i) BiacromiaJ diameter: This was measured from the rear of the 
subject enabling the acromial process to be located easily, (see figure 7 ). 
The subject was requested to stand. as sitting interferes with the posture 
required for measurement. The heels of the subject were kept together 
with his arms by his side. The position of the shoulders was of great 
importance as, if the shoulders are braced back, the measurement is 
reduced by 2-3cm. (Cameron, 1978 ). HGnC(l thG QubjGcl, WQ.Q Q.Gkod 1.0 
relax with his should en downward and ~light1y forward ~o that the 
reading was maximal. Standing behind the subjeCt, the outsIae ea2e of 
the acromion process of the shoulder blade, which can be felt as a ridge 
just above the 
fi gure 7: Measurement of biacromi al diameter 
shoulder joint. was located. One arm of the anthropometer was then 
placed along the lateral border of the acromion process and the other arm 
of the anthropometer was moved inwards until it s edge rested on the 
lateral border of the opposite acromion process. An aspect of 
considerable importance was the amount of pressure applied in making 
the measurement. The recommendation of Behnke and Wilmore, ( 1974) 
and Weiner and Lourie, (1981) is to apply firm pressure so as to 
compress the soft tissue, so this procedure was carried out. 
Oi) Bi-iliac diameter: This measurement was taken from the rear, 
allowing easy palpitation of landmarks. The sub ject was asked to stand 
with his feet about 5cm. apart to prevent swaying. The ar ms need to be 
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away from the area of measurement so it was suggested that they were 
folded across the chest. The anthropometer blades were brought into 
contact with the iliac crest so that the maximum breadth could be 
recorded, (see figure 8 J. There is a considerable difference of opinion in 
the literature 
fi gure 8: Measurement of bi- iliac diam.eter 
regarding the amount of pressure that should be exerted with the blades 
of the anthropometer on the landmarks. Most authors state that the 
measurement of the bi-iliac diameter requires the application of more 
pressure than the biacromial diameter because of the greater deposition 
of fat over the pelvic area, (Behnke and Wilmore, 1974: Cameron, 1978: 
Weiner and Laurie, 1981). Hence the anthropometer was applied with 
firm pressure and the measurement was recorded to the nearest O.lcm. 
(llO Bj-epicondylar diameter of humerus The subject was asked to 
raise his arms to the horizontal and the elbow was flexed to 90°. 
Standing in front of the subject the lateral and medial epicondyles of the 
humerus were palpated. The anthropometer was held at a slight angle to 
the 
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Figure 9: Elbow breadth 
measurement at the 
epicondyles DC the humerus 
epicondyles rather than parallel 
to them, because the medial 
epicondyle was dislal to the 
lateral epicondyle. Firm 
pressure was used to decrease 
the influence of soft tissue and 
the measurement was recorded 
to the nearest O.lcm, (see figure 
9 ). 
(iv) Bi-epicondylar diameter of femur: The subject was asked to 
flex the left leg 90 0 at the Knee while sitting. Flexing the leg at the Knee 
minimises the intrusion of soft tissue into the measurement. The 
anthropometer was applied diagonally downwards towards the subject. 
The most lateral aspect of the lateral femoral epicondyle was palpated 
with the index finger of the right hand while the corresponding finger of 
the left hand palpated the most medial aspect of the medial epicondyle. 
The anthropometer blades were then placed on these points, pressure 
was applied and the diameter was recorded to the nearest 0.1 cm. 
(d) LIMB CIRCUMFERENCES, INDICATORS OF RELATIVE 
MUSCULARITY AND HEAD CIRCUMFERENCES 
(i) Head circumference: In order to measure the head circumference 
the subject was asked to stand and an inelastic tape of O.9cm width, was 
used. The tape was passed round the back of the head and the ends of 
the tape then transferred from one hand to the other in order that 
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Figure 10: A.B. These pOUlts mark the setting foe the maximum head 
circumference measure. It is taken from the glabella· A· betTeen the 
eyebro .... s round to the furthest projection of the occipital bone ·B· the 
opisthocranion 
the zero mark on the tape was inferior to the value to be recorded. The 
tape was positioned such that large amounts of cranial hair were 
excluded. Anteriorly the tape was placed just superior to the eyebrows 
and posteriorly it was placed so that the maximum circumference could 
be measured, (see figure ID). The measurement was recorded to the 
nearest D.lcm. 
(ll) Upper arm circumference: The subject was requested to relax 
his left arm and marks were made with a water soluble marker on the tip 
of the acromion process and the lateral epicondyle. Using a flexible tape 
measure the distance between the two points was noted and then the mid 
point marked. The upper arm circumference was measured at this point 
and the measurement recorded to the nearest 0.1 cm. 
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1/ 
Figure 11: Posterior viev of 
loc&tion for thigh 
circumference 
Figure 12: Positioning for the 
measurement of vrist 
circumference 
(lii) Thigh circumference: The 
subject was asked to stand with his 
feet slightly apart with his weight 
evenly distributed between both 
feet. The tape was 
horizontally around the 
immediately distal to the 
fold, (see figure 11). 
passed 
thigh, 
gluteal 
The 
measure ment was recorded to the 
nearest O.lcm. 
(iv) Wrist circumference: The 
subject was asked to flex his left 
arm at the elbow so that the palm 
was uppermost and the hand 
muscles were relaxed (see figure 
12). An inelastic tape was placed 
just distal to the styloid processes 
of the radius and ulna, which were 
located by palpating with the index 
finger of each hand. The tape was 
positioned perpendicular to the 
long axis of the forearm and in the 
same plane on the anterior and 
posterior aspects of the wrist. The 
measurement was made with the tape touching the skin around the 
whole circumference but not compressing the tissue. The wrist 
circumference was recorded to the nearest O.lcm. 
(v) Calf circumference: The subject was asked to sit on a table so that 
his left leg was hanging freely. An inelastic tape measure was positioned 
horizontally around the calf and moved up and down to locate the 
maximum calf circumference in a plane perpendicular to the long axis of 
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the calf, (see figure 13). The zero end of the tape was placed below the 
measurement value and the maximum circumference was recorded to the 
nearest 0.1 cm. 
CALF 
CIRCUMFERENCE _+ 
Figure 13: Calf circumference 
(vi) Ankle circumference: The subject was asked to stand on the seat 
of a chair with his feet separated slightly and his weight evenly 
distributed between each foot. Facing the subject, an inelastic tape was 
placed around the minimum circumference of the calf, perpendicular to 
the long axis, just proximal to the malleoli. The underlying tissues were 
not compressed. The measurement was recorded to the nearest O.lcm. 
(e) SJ;::INFOLD THICnlESSES. INDICATORS OF SUBCUT ANEOUS 
FATNESS 
, 
, 
, .. 
'. , 
Figure 1-4: Location of mid-arm 
level for triceps skillfold 
(i) Triceps skinfold: The 
subject was asked to stand with his 
arm hanging loosely and 
comfortably at his side. The 
triceps measurement was made at 
a point midway between the 
lateral projection of the acromion 
process of the scapulae and the 
inferior margin of the olecranon 
process of the ulna (see figure 14). 
The level of the measurement was determined by measuring the distance 
between the lateral projection of the acromian process and the inferior 
border of the olecranon process of the ulna, using a tape measure, with 
the elbow flexed at 900. The tape was placed with it's zero mark on the 
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acromion and stretched along the upper arm, extending below the elbow. 
The midpoint was marked on the lateral side of the arm and a 
Holtain/Tanner-White house Skinfold Calliper was picked up with the 
right hand in order to take the measurement. Standing behind the 
subject, the palm of the left hand was placed on the subjects left arm 
proximal to the marked level, with thumb and index finger directly 
inferiorly. The triceps skinfold was picked up with the left thumb and 
index finger, approximately 1 cm proximal to the marked level and the 
tips of the calipers were applied to the skinfold at the marked level. The 
site of measurement was in the midline, which was posterior when the 
palm was directed anteriorly. The reading was taken to the nearest 
O.lcm. 
The technique described above was used in all the skinfold 
measurements taken, however the point at which the measurement was 
taken varied. 
(ii) Biceps skinfold: The level at which the midpoint was marked for 
the triceps measurement was again used for determining the biceps 
skinfold. This was measured as the thickness of a vertical fold raised on 
the anterior aspect of the arm, over the belly of the biceps muscle. The 
reading was again recorded to the nearest O.lcm. 
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Figure 15: Medial calf skinfold 
site 
WO Medial Calf skinfold: The 
subject was asked to sit on a table 
with his left knee flexed at about 
900 while his other foot was on the 
floor. The skinfold measurement 
was taken at the same point as the 
calf circumference. (see figure 15), 
The thickness of the skinfold was 
measured to the nearest O.lcm. 
(iv) Subscapular Skinfold: The subscapular skinfold was picked up 
on a diagonal. inclined infero-laterally approximately 450 to the 
hOrizontal plane in the natural cleavage lines of the skin. The site was 
just inferior to the inferior angle of the scapular, (see figure 161. The 
subject was asked to stand comfortably erect with the upper extremities 
relaxed at the sides of the body. To locate the measurement site, the 
scapula was palpated, running fingers inferiorly and laterally along the 
vertebral border until the inferior angle was identified. The caJliper 
jaws were applied I'cm infero-Iateral to the thumb and finger, raising the 
fold, and the thickness was recorded to the nearest O.lcm. 
Figure 16: Measurement of subscapular skinfold thickness 
(v) Suprailiac skinfold: This measurement was taken in the 
midaxillary line immediately superior to the iliac crest. (see figure 17). 
• 
Medial 
Border 
of Colt 
ROlse 
Sklnfokl 
Here 
Level of 
MaXimal 
GIrl'" 
Apply 
Coliptr 
totere 
Medial As:tf-Cl 
Figure 15: Medial calf s.kinfold 
s ite 
Wi) Medial Calf skinfold: The 
subject was asked to sit on a table 
with his left knee flexed at about 
900 while hlS other foot was on the 
floor . The skinfold measurement 
was taken at the same poim as the 
calf circumference. lsee figure 15 J. 
The thictness of the stmfold was 
measured to the nearest O. J cm. 
(iv ) Subscapular SkinIold: The subscapular skinfold was picked up 
on a diagonal. inclined infero-lateraily approximately 450 to the 
horizontal plane in the natural cleavage lines of the skin. The site was 
just tnf erior to the inferior angle of the scapular, (see figure 16). The 
subject was asked to stand comfortably erect with the upper extremities 
relaxed at the sides of the body. To locate the measurement site, the 
scapula was palpated, running fingers inferiorly and laterally along the 
vertebral border until the inferior angle was identified. The calliper 
jaws were applied I cm infero-lateralto the thumb and finger , raising the 
fold, and the thickness was recorded to the nearest 0.1 cm. 
figure 16 : Measurement of subscapular s1: in fold thi ckness 
(v) Supraili ac skinfold: Thi$ measurement was taken in the 
midaxillary line immediately superior to the iliac crest. (see figure 17). 
The subject stood with his feet together and in an erect position. The 
arms hung by the side but were slightly abducted to improve access to 
the site. The calliper jaws were applied lcm infero-lateral to the thumb 
and finger raising the fold and the thickness was recorded to the nearest 
O.lcm. 
Figure 17: Dia.gram to 
illustrate the location of the 
suprailiac skinfold in the 
midaxlllary line superior to 
the iliac crest 
These measurements provide 
information 00 the overall body 
size, lengths of the upper and 
lower components of stature, and 
skeletal, muscular and 
subcutaneous fat tissue 
development in different parts of 
the body. Body density, 
percentage body fat, absolute body 
fat aod fat free mass were 
calculated using some of the above 
measurements, (Durnin and 
Womersley, 1974l. 
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Anthropometric Somatotyping 
Somatotyping is the most recent development in the twenty five centurf~S 
of morphological taxonomy and constitutional investigation. Constitution 
can be defined as the sum total of the morphological. physiological "'I\d 
psychological characters of an individual. in large part determined by 
heredity but influenced in varying degrees by environmental factors or. 
simply the total biological make up of an individuaL 
There are many studies in history depicting the interrelations of 
morphology and susceptability to disease. The Greek physician. 
Hipprocates. in the fifth century B.C.. for example. described people with 
long thin bodies as habitus phthiscus. and observed that they were 
susceptible to tuberculosis. Those with short. thick bodies. habitus 
apoplecticus. were said to be susceptible to vascular disease and apoplexy. 
In the S<II~"t<~\" century B.C. a new dimension was added to the study of 
morphology with the development of anthropometry at the University of 
Padua. Two hundred years later Quetelet. a Belgian mathematician and 
astronomer was the first to study the measurement of man statistically. 
In the nineteenth century di Giovanni carried out a long series of 
anthropometric studies in the school of clinical anthropology that he 
founded at the University of Padua. His pupil Viola. influenced by 
Beneke. differentiated three morphological types. Re called subjects with 
large. heavy bodies and relatively short limbs macrosplanchnic. those 
with small trunks and relatively long limbs microsplanchnic and with those 
with intermediate variation normosplanchnic. 
An important trichotomous classification. formulated by Ruter about 1880. 
divided people into three types: cerebral (with ectodermic structures 
predominating) muscular (with mesodermic structures predominating) and 
digestive (with endodermic structures predominating). The existence of 
discrete types has been accepted by biologists and anthropologist in this 
century. 
Sheldon's somatotype concept of continuous variation was a striking 
advance over previous systems of classification. He recognized that 
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every individual, instead of being of a particular type, was a mixture 
of all three basic components of physique, but that these were 
present in varying degrees in different individuals. These three 
components he originally called p,sknosomic, somatosomic and 
leptosomic but then adopted the names used today endomorphy, 
mesomorphy and ectomorphy. 
(a) Endomorphy: first component: This refers to general 
fatness and hence relative leanness of an individual's 
physique. (see figure 18). 
... 
\ 
,/\ 
-
Figure IS: Extreme endomorphic components. 
(b) Mesomorphy: second component: This refers to the 
musculo-skeletal development. This component can be 
though~ of as the lean body mass, which consists of the 
musculo-skeletal system, the soft organs and the total body 
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fluids. In other words, the whole body less non essential 
fat. (see figure 19). 
"'" I \ ~ 
• 
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{ 
figure 19: Extreme mesomorphic components. 
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(cl Ectomorphy: third component: This refers to the 
relative linearity of the individual's physique. It is based 
Height 
mainly on V Weight ratio and the low ratings imply 
shortness of body segments, whereas high ratings imply 
elongated or linearity of body segments. Therefore the 
third component ratings evaluate the form and degree of 
longitudinal distribution of the first and second component. 
(see figure 20). 
• 
• 
l ) 
- . 
.. 
figure 20: Extreme ectomorphic components 
Since the assessment of somatotypes was first described by SheLdon et al 
(1940), a number of modifications have been made by a number of 
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investigators (Cureton, 1951; Parnell, 1954 and 1958; Damon et ai, 
1962; Heath, 1963; Heath and Carter, 1967). The method adopted in 
this study was the Parnell MA deviation chart method (see Figure 21l. 
The endomorphy, mesomorphy and ectomorphy ratings are scored on 
the chart from the anthropometric measurements taken. The estimate of 
endomorphy is derived from skinfold measurements. The estimate of 
mesomorphy is derived from height, bone diameters and limb girths. 
The estimate of ectomorphy is derived directly from the height/weight 
ratios (HWR). Each of the three component scales is corrected for several 
age groups shown on the MA adult deviation chart. For rating 
muscularity (Sheldon's mesomorphy) the MA chart is based upon the 
assumption that a rating of 4 in muscularity bears a constant proportional 
relationship to stature. 
Parnell intended that his MA ratings should correspond as close as 
possible with Sheldon's somatotype ratings. However Parnell's ratings 
were derived from physical measurements and therefore do not describe 
exactly the same entities that Sheldon rated photoscopically. That is, he 
emphasised that his ratings are phenotypic and described physique at a 
given time. 
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2:3 DERMATOGLYPHICS 
In recent years the study of fingerprints has become an important 
method of research but examples of fingerprint patterns being used for 
personal identification have been traced in early Chinese documents. In 
the Western world Malphighi (1668) observed ridge patterns but his 
observations were restricted to simply noting similarities or differences 
in the ridge formation of individuals. It was not unW'1823 that Purkinje 
attempted the first classification of fingerprints. However our 
knowledge of the patterns formed by the papillary ridges on human 
finger prints have their foundations in the research of Francis Galton who 
pioneered in fundamental finger print studies concerned with 
morphology, classification, inheritance and racial variation. His findings 
were reported in a series of papers which are reviewed in his book , 
Fingerprints, (1892). Galton's classification has been used in this 
research project. 
Fingerprinting Method: A fingerprinting recording sheet was used to 
record the data of each subject. The recording sheet was part of the 
questionnaire used in this research project, (Appendix B). Each subject 
was given an accession number for identification, to conform with the 
Data Protection Act (1984). The subject's fingertips were first cleaned 
with Industrial Methylated Spirit (IMS). This was followed by drying 
the fingertips with cotton wool and the subject was then ready for a 
'rolled' print. An ink pad was inspected to ensure that it was covered 
with an adequate supply of ink, not too much to cause blurriness and not 
too little to give no pattern. A rolled print was carried out by the 
subject. This involved rotation of the finger both in inking and in 
printing, to obtain a complete impression of the ball of the finger. On the 
fingerprint sheet the rolled prints were recorded within labelled squares, 
one for each of the ten digits. 
In making a rolled print, the finger was first placed edge down on the 
ink pad and rolled until the opposite margin was in contact, with this one 
roll the inking was complete. The inking extended from the near end of 
the finger to a level slightly proximal to the flexion creases of the distal 
interphalangeal joint. The finger was then pressed down on the paper 
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and rolled to it s opposite edge with the same motion as in inking. Some 
of these manipulations were awkward so it was important that the 
anatomical adaptations to rotation of the hand and arm were taken into 
account. Thus the thumb was placed, ulnar edge downwards, and rolled 
towards the body and the other digits were placed radial edge. 
downwards and rolled away from the body. 
The prime objective of fingerprinting is to have complete and clearly 
decipherable prints. Improper inking, poorly controlled pressures and 
dragging the finger across the paper were sources of imperfection. The 
prints were inspected as they were made. to check for possible technical 
defects, and repeat prints were made if any defects were noted. 
Once the fingerprints had all been collected, they were examined to 
determine the various fingerprint patterns and ridge counts. For 
convenience the digital patterns were classified into three main types: 
arches, loops and whorls, (see figure 22). Their classification is based 
on the number of triradii present on the fingertip. A triradius can be 
defined as the meeting point of three spokes that demarcate three 
regions, each of which contains a system of almost parallel ridges, (see 
figure 23). The absence of a triradius gave rise to a simple arch; a loop 
had one triradius 
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Figure 22: Finger Patterns 
ARCHES A = Plain. Arch 
B = Tented Arch 
LOOPS C = Loop, Ul.JLar or Radial 
D = Loop, UI..D.u or Radial 
WHORLS E = Almond Whorl 
F = Spiral Whorl 
G = Elliptical Whorl 
H = Circular Whorl 
I = Double Whorl 
Figure 23: Ridge Counting 
A loop with a coUJlt of eleven ridges. Ridges are coull1e1i along the indic:ated 
line wJtich joins the poiat of triradius (outer ter:m.inus) and pow of core (ia.ner 
terminus) 
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and the whorl, including double whorls had two, sometimes three 
triradii. By making a note of the patterns at each finger the pattern 
intensity was noted, (Cummins 1961). Arches were given a score of 
zero, loops a score of one and whorls two, hence the maximum pattern 
intensity for a subject was twenty, (all whorls on all digits). The lowest, 
theoretically possible score, was zero . 
.. It 
The qualitative approach to derm"oglyphics has led to another method of 
studying finger prints. This is the counting of ridges between two 
specified points on the finger. It was Galton, in 1895, who originated 
the ridge count techniq'ue, restricting it to loop subclassification. Ridge 
counting was carried out on the fingerprints obtained from the subjects. 
The method consisted of counting the number of papillary ridges in each 
pattern which cut or touched a straight line between the triradius and the 
" core or centre, (see figure 23). Bonevie, (1924), extended this method 
to all types of digital patterns; for simple arches, (no triradii), the count 
was zero, in a loop there was one value, (one triradii) while for whorls, 
(two triradii), there were two lines of count, one for each triradius to the 
centre, (or centres if double whorl), of the whorl. The higher count was 
always taken for the whorls. The sum of the values of the ridge counts 
on all ten digits was noted to give Total Ridge Count. 
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2:4 ELECTROPHORESIS 
Enzyme electrophoresis has proved to be a particularly powerful tool in 
population genetics because only small samples of material are required 
from single individuals and large numbers of different individuals can be 
screened in population surveys using relatively simple though precise 
techniques. As a consequence many enzymes have now been examined, 
in large numbers of different individuals from a variety of human 
populations, in the search for allelic variants expressed by 
electrophoretic differences. From such data estimates of allelic 
frequencies have readily been obtained. Most of the alleles are 
individually very rare, but some are sufficiently frequent as to give rise 
to the phenomenon usually referred to as enzyme polymorphism. This 
term is used for situations where the individual members of a population 
can be sharply classified by some technique (in this context enzyme 
electrophoresis) in two or more clearly defined and common phenotypes, 
representing different allelic combinations. For practical purposes it is 
convenient to regard a particular locus as polymorphic in a given 
population if the most common allele has a frequency no greater than 
0.99. This implies that the proportion of heterozygous individuals will 
be 2% or more. 
In the 'Handbook of Enzyme Electrophoresis in Human Genetics' (Harris 
and Hopkinson, 1976), a list is given of polymorphic loci in which the 
common phenotypes are distinguishable by enzyme electrophoresis. 
Many of these polymorphisms are seen in most major human populations, 
though the frequencies of the particular common alleles involved may 
vary from one population to another. However, in some cases, a 
polymorphism is found in some major human populations but not in 
others. 
In trying to find polymorphic enzymes for this research project, the 
allele frequencies of the polymorphic enzymes in Europeans and U.S. 
Whites were studied. Relatively high allele frequencies were needed in 
the polymorphic enzymes, hence only four enzymes were suitable: 
(1) ACID PHOSPHAT ASE I (AP) (Hopkinson et al; 1963) 
(2) PHOSPHOGLUCOMUTASE I(PGM-l) (Spencer et al; 1966) 
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(3) GLUT AMATE PYRUV ATE 
TRANSAMINASE (GPT) 
(4) ESTERASE-D (EsD) 
(Chen & Giblett; 1971) 
(Hoplcinson et at; 1973) 
However, because of the difficulties encountered with staining in GPT, 
the study was restricted to three polymorphic enzymes. 
Electrophoretic Method 
(a) Collection of blood samples for electrophoresis 
Subjects were asked to appoint a digit from which a blood sample was to 
be collected and to swing the appointed arm for approximately fifteen 
seconds to increase the blood flow to that finger which was then cleaned 
with Methylated Spirit. Using a sterile lancet, a hole was pierced 
through the skin and two or three drops of blood were collected in 
heparinized capillary tubes, (heparin is an anticoagulant), which were 
then sealed at both ends with miniseal capillary tube sealant. Finally 
they were placed in labelled plastic test-tubes, capped and stored in a 
freezer. After taking the blood sample, the subject's finger was wiped 
with clean cotton wool and, if necessary an adhesive plaster was applied. 
At all times the health and safety procedures stipulated in the 
Department's safety handbook were carried out (Jones et al, 1989). 
The methods used for collection and storage were of prime importance 
for keeping the samples in an adequate condition for electrophoresis. By 
freezing the blood samples, the red cells were lysed which was a 
requirement for electrophoresis. Attempts were made to centrifuge 
blood samples before use but no benefit was noted. The length of time 
that the samples could be stored was also checked before the research 
project started and a maximum of five days was found to be possible, 
after which the banding patterns seen on the gel. when stained, were 
blurred. 
(b) Gel preparation and running 
(i) Starch gel preparation. Enzyme electrophoresis can be carried 
out using a variety of techniques but the methods which employ gels as 
the supporting medium are now most widely used. In the laboratory, 
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horizontal starch gel electrophoresis was employed. The starch gel was 
prepared the night before it was required by measuring out 220ml of gel 
buffer to.05M L-Histidine HCI pH 7.0) half of which ~ras poured into a 
side armed flask; 2Sg of hydrolysed starch were added followed by the 
rest of the buffer making sure that it washed down any of the starch 
Which may have adhered to the side of the flask. The solution was then 
heated over a Bunsen flame, while swirling constantly to ensure even 
dispersion of the hydrolysed starch. When in solution the mixture 
changed from a milky to a translucent appearance. This was then heated 
for a further minute, swirling all the time. The flask was then anached 
to a vacuum pump for about 30 seconds until all the air bubbles had 
risen to the surface and had thus been eliminated from the gel. At this 
point the bubble free, hot gel was poured into a gel mOUld, and left 
overnight to set, ready for the addition of the blood samples the next 
day. 
(ii) Setting up for running After placing the gel in a fridge for half 
an hour before use, the perspex former used in making the mould was 
removed together with the top glass plate. A strip was cut 4 cm 'into the 
gel parallel to the long side and the two sections separated to leave 
enough room to apply the blood samples. 
GEL PARTS PUT SACK 
TOGETHER AFTER 
FILTER PAPERS),\ 
ARE PLACED I __ ~~~~~~::::::~:::::::::; 
IN POS:::TION / .... __ -_____________ _ 
,--L ----_..:.....J~ 
Figure Z-l. 
-,.'+-- STARCH 
GEL 
FILTER PAPERS 
ABSORBED w'ITH 
BLOOD 
Figure shoving starch gel yith blood sample on filter paper added' 
The blood samples were applied along the long side of the gel on Watman 
filter paper, approximately 6mm x 4mm (see figure 24). When all the 
samples had been lined up along the longer side of the gel, the two parts 
of the gel were PUt back together, a thin strip of perspex was placed 
behind the gel and the perspex former replaced. The function of the 
strip of perspex was to tension the gel thus preventing the cut line 
bearing the filter paper opening during the course of the run. 
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strip of perspex was to tension the gel thus preventing the cut line 
bearing the filter paper opening dUring the course of the run. 
The prepared gel was then placed on an electrode bath set up as shown in 
figure 25. The electrode buffer used was tri-sodium citrate. pH 7.0. 
While the gel was running. the electrode bath was placed in a fridge for 
cooling which is an important requirement for consistent and 
reproducible 
electrode 
WICKS 
Figure 25: Electrode bath set up for running 
cellophane 
to prevent 
evaporation 
results in enzyme electrophoresis as excessive heat production tends to 
lead to inactivation of the isozymes and also to distortion of the banding 
patterns. The gel was connected to the power supply in the evening in 
order to run overnight and be ready to stain the following morning. The 
electrical power was supplied from a stabilising voltage source working 
from the mains. . 
The power unit was run at a constant current of 25 mA for 12 hours at 
the end of which time the power pack was switched off and the electrode 
bath disconnected and removed from the fridge. The cellophane and 
wicks were removed. the perspex former was removed and the narrow 
strip of the gel and the filter paper were discarded. A narrow strip. 
about 2 cm from the opposite long edge was also trimmed off and the top 
corner opposite the first sample was nicked. The gel was then sliced, on 
the slicing board. into two horizontal sheets of gel. Although three 
enzymes were being studied. both EsD and AP could be stained on the 
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same gel as the staining solutions were similar and EsD 'ran' rurther up 
the gel than AP so they could easily be distinguished. The top slice of 
the gel was flipped so that the cut inner surface was stained to avoid any 
surface artifacts. Finally the two slices were put into staining trays 
ready for staining. 
(Hi) Staining. The three enzymes studied were EsD. AP and PGM. 
EsD aDd AP 
StainiDg system' 
4-)IE'l'8YL UMBELLIFEltYL ACETATE 
Esterase 
ACETATE 4-METHYL 
UMBELUFONE 
(FLUORESCENT) 
I ACP-l I 
4-)IE'l'8YL UMBELLIFERYL PHOSPHATE 
PHOSPHATE 4-METHYL 
UMBELLlFONE 
(FLUOR.ESCENT) 
The EsD and AP gel slice was viewed under ultra violet light. 
Staining method for EsD and AP: 
10 mg or both 4-methyl umbelliferyl acetate and 4-methyl umbelliferyl 
phosphate were dissolved in a few drops of acetone. 30 ml of 0.1 M tris-
maleate pH 5.3 were added. This was added to the gel slice in the 
staining tray. incubated at 370C and viewed under ultra violet light. 
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EsD: There are three phenotypes of EsD; EsD· 1-1. EsD 2-1 and 
EsD 2-2. These are due to tWO common alleles. EsD % 1 and 
EsD '2 The banding pattern seen is shown in figure 26. 
-
... 
- -1 . . Qng10 
11 12 22 
Figure 26: 
A dia.gramma.tic:a.l vie..- of the banding pa.t1erns oC IsD 
AP: In the Europeans and U.S. Whites three alleles are noted 
AP' A. AP'B and AP·C. AP' A and AP'B have much 
higher allele frequencies than AP'C There are six 
phenotypes. AA. AB. BB. AC. BC and CC but the 
phenotype CC is not very common. The banding pattern 
seen in AP is shown in figure 27 . 
... 
orioin i 
A.A AB 88 AC 
Figure 27 
A di&gra.mma.tic:a1 vie ... of the banding pa.U.erns of U 
S9 
BC 
8 
BA B A 
,,~i 
~~.! 
CB B 
Acid phosphatase types 
Figure 28: 
Acid phosphatase types 
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I . 
CA 
PGM 
SUi pjng System 
GLUCOSE-i-PHOSPHATE 
PGMl 
GLUCOSE-6-PHOSPHATE 
6PHOSPHOGLUCONATE 
HADP 
NABP PIlS 
Dxidised 
lanD. 
IolTI' 
Dxidisetl 
lanD. 
INSOLUBLE 
BLUE 
PltECIPITATE 
PGM Staining Method: 50mg of glucose-i-phosphate, Smg of NADP 
and 5mg of MTT were placed in a small beaker and 2-3 drops of the 
prepared MgCI2 solution were added followed by a pinch of PMS and 25ILi 
G6PDH. Finally 30 ml of 0.1 M tris HO, pH 8, were added and this 
reaction mixture was ten added to the gel in the staining tray, incubated 
and viewed. 
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PGM: PGM -1 has three common phenotypes designated PGM 1-1. 
2-1, and 2-2 which are due to two common alleles PGMl'l 
and PGM 1"2. The banding pattern seen in PGM is shown 
in figure 29. 
+ 
origin I 
11 12 22 
Figure 2': 
. A dia.grammalicai viey of the baading p&Uerns of PGlI 
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BLOOD GROUPING 
Human blood groups were first investigated in the early part of the 
century, and quickly became an important part of human genetics 
because they provided a set of polymorphic markers for genetic studies. 
More recently, blood groups have become important as markers for 
transfusions and transplantations. Over 20 different blood groups are 
known in man, most of which are useful as genetic markers. The three 
blood group systems studied here are ABO, Rhesus and MN. Below is a 
description of each of these blood group systems as well as the methods 
used to test for them. 
(i) ABO Blood Group. The ABO blood groups were discovered in 
1900 by Karl Landsteiner, a Viennese physician and Nobel Prize winner. 
He distinguished four separate blood types on the basis of an 
agglutination reaction. Serum (the liquid portion of the blood) from one 
individual was mixed with red blood cells (erythrocytes) from another 
individuaL If they belonged to different blood groups, the cells 
clumped together (agglutinate). This reaction was observed in a drop of 
serum with the naked eye. By conducting agglutination tests on a large 
number of individuals, 4 phenotypic classes or types were identified; A, 
B, 0 and AB. Those with type A have antigen A on the surface of their 
red blood cells, group B individuals have antigen B, type AB have both 
A and B antigens and type 0 individuals have neither A or B. Mendelian 
inheritance of these blood groups was demonstrated in 1911 and 1924; 
Felix Bernstein showed that the genetic factors for A, B and 0 were not 
separate genes but alleles of a single gene, designated as isoagglutinin, 
located on chromosome 9. Technically the alleles are symbolised as lA, 
IB and 10, but are often written in the shorthand form omitting the gene 
symbol I. In this allelic sense A and B are co-dominant and 0 is 
recessive to both A and B. 
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ABO Blood Types 
Blood Group Genotype Antigen on 
Phenotype Erythrocytes 
A AA.AO A 
B BB, BD B 
AB AB A,B 
0 00 NONE 
It turns out that there is a recipmcal; relationship between the antigens 
on the surface of the blood cells and the antibodies present in the serum 
of the same individual. If the person has A antigen on erythrocytes, the 
serum contains antibodies against B and vice versa. The reason for the 
development of antibodies and the inverse relationship are not clear but 
it is an important consideration in blood transfusions and in tissue and 
organ transplants. In theory, the transfer of blood is safe if: 
1. The serum of the recipient does not contain antibodies for the 
blood cell antigens of the donor. 
2. The donor serum contains antibodies for the recipient's blood. 
In this case, these antibodies are so diluted in the blood of the 
recipient that they have no@ffect. 
Thus, AB individuals have no serum antibodies and can receive blood of 
any type, and type 0 individuals have no cell antigens and can give blood 
to anyone. In practice, however, cross matching of donor and recipient 
is done by typing both the serum and the cells. Unless there is an 
emergency blood selected for transfusion is of the same ABO type as the 
recipient. 
(ll) Rhesus Blood Group In 1940 Landsteiner and Weiner found that 
antisera obtained by immunising rabbits with rhesus monkey red cells 
agglutinated the cells of about 85% of White Americans. Two 
phenotypes, Rh-positive and Rh-negative, could thus be distinguished, 
the former behaving as a dominant trait. Inheritance could be attributed 
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to two alleles Rh and rh and a recessive, rhesus-negative type rh/rh. 
Subsequently antisera were discovered in the blood of pregnant women 
or in multiple transfused subjects that gave essentially the same results. 
We now regard these latter antisera, derived from humans, as detecting 
on antigen D which is different from, but related to, the antigen in 
rhesus monkeys. The Rh-positive genotype can thus be rewritten DD and 
DId, with dId as the Rh-negative type. 
The medical limelight was thrown on the Rhesus groups, when, as a 
result of work by Levine and Stetson in 1939, it was realised that they 
were connected with a severe disease of the newborn child. Haemolytic 
disease of the newborn (HDN) is a disease that begins during foetal 
development and results from an immunological incompatibility between 
mother and foetus when the mother is Rh-negative and the foetus Rh-
positive. If foetal blood enters the maternal circulation, the Rh-positive 
foetal cells stimulate the formation of antibodies against the Rh antigen 
by the mother's immune system. Normally this happens during the birth 
process, so usually the first pregnancy causes antibody production in the 
mother following birth of the incompatible child. The first offspring thus 
escapes HND but if a subsequent pregnancy involves a Rh-positive foetus, 
antibodies present in the Rh-negative mother cross the placenta and 
destroy the red blood cells of the foetus. This causes anaemia, jaundice, 
cerebral damage, mental retardation and death. About IO~ of all 
pregnancies involve HND but, because of other factors, only about I ~ of 
the cases result in anaemia. Now Rh-negative mothers are given a 
commercial Rhesus antibody preparation immediately after the birth of 
their first Rh-positive child. These antibodies combine with any foetal 
Rh-positive cells that are present and destroy them using the maternal 
immune system before antibodies can be made against them. This 
treatment must be repeated in all subsequent births involving Rh-
positive children. 
(Hi) MN Blood Group Nearly thirty years after his discovery of the 
ABO blood group, Landsteiner and his colleague Levine described 
another system of human blood groups, following tests using serum 
from rabbits immunised with human red cells. The blood group antigens 
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M and JIi are the product of two allelic genes M and N. Thus there are 
three possible genotypes, MM, MN, and NN. 
Unlike the ABO system, where the antibodies as well as the antigens 
occur naturally, the antibodies corresponding to the M and N antigens 
very seldom occur naturally as a consequence of which this blood group 
does not need to be considered in blood transfusions as a rule. 
The mode of inheritance of the MN blood groups remained very simple 
from the time it was discovered in 1927 until 1947. However, Walsh 
and Montgomery ( 1947) found a new antibody at first thought to bear no 
relation to any of the known systems of blood groups. irsoon became 
apparent to Sanger and Race (1947), on studying the serum, that, 
although the antibody was not anti-M or anti-N, it was recognising an 
antigen associated with M and N and it was called S. 
Blood Group Analysis A I Oml test tube was approximately half filled 
5 
with isotonic saline solution (0.85%) using a Paieur pipette. Subjects 
were then asked to appoint a digit from which a blood sample was to be 
collected, preferably from the third or fourth finger since these are less 
cornified than the others. They were then asked to s\ving the appointed 
arm for approximately fifteen seconds to increase blood flow to that 
finger which was then cleaned with an antiseptic swab and the antiseptic 
allowed to evaporate. Using a sterile lancet, the swabbed area was 
pricked in order to collect a few drops of blood. The finger was gently 
squeezed to assist the flow of blood which was added to the test tube 
containing saline solution which was gently shaken so that the red blood 
cells were evenly distributed. The blood sample was then centrifuged at 
2000rpm for two minutes after which the supernatant was removed with 
a Pasteur pipette. The red cells were resuspended in 4mls of saline 
. solution and were ready for testing. 
i) ABO Grouping One drop of anti-A antiserum was placed on the 
squared glass plate and one drop of anti-B serum on an adjacent square. 
Using a glass Pasteur pipette one drop of the red cell suspension was 
added to each of the two different antisera. The glass plate was then 
gently rocked in a circular motion to mix the reagents. After three to 
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four minutes. agglutination took place if the red ceUs contained. on their 
surface. the antigen corresponding to the antibody. This is seen 
macr05copically and a hand lens was used as an aid in reading. 
Agglutination (+) 
Group 
o 
A 
B 
AB 
Group 
Rh-
Rh+ 
Anti A 
+ 
+ 
Anti 0 
+ 
Non~agglutination (-) 
Anti B 
+ 
+ 
+ = agglutination (clumping) - = non-agglutination 
Figure 30: Interpretation of ABO Blood Group Results 
il) MN and Rhesus (D) Grouping The method used here was exactly 
the same as that used for the ABO system but using anti-M serum. anti-N 
serum and anti-Rh (D) serum 
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2:5 STATISTICAL METHODOLOGY 
(a) Reliability of a measuring technique Reliability of 
measurement was checked by the calculation of the standard error of 
measurement (Smeas) for each parameter measured on a separate group 
of subjects prior to the onset of the actual study. The repeatability was 
then monitored during the study by repeat measuring of some of the 
subjects in the study. 
To calculate the reliability of the measuring technique for each 
anthropometric parameter measured. the standard error of 
measurement or 'Smeas' was calculated. Each measurement consisted of 
the true value of the measurement. which is unknown and an error 
component - the error being both that due to observer and that due to 
the instrument. However. the instruments were checked for calibration 
before each measuring session. so it is assumed that the main error will 
be that due to the observer. A number of subjects were measured twice 
and the difference between the two results obtained. Since the true 
measurement will be the same each time the subject is measured. the 
difference between measurements is equal to the difference between 
error. therefore. the variance of the difference between the errors is: 
Var(Xel - Xez) = SZel + SZez - 2rSel Sez 
where Xel - observer error in the first reading 
and Xe2 = observer error in the second reading 
and S2el variance of error in the first reading 
and S2e2 variance of error in the second reading 
The variances for the two readings are assumed to be uncorreJated and 
equal in the two samples. so the variances of the differences are: 
Each error variance or Smeas is an independent estimate of the observers 
error. so: 
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2 2 2 S d - 2S e = 2S meas 
therefore the standard deviation of the differences is: 
Sd - f2 . Smeas 
. Sd 
t.e. Smeas = 12 
and because Smeas is a measure of distribution, any measurement taken 
is likely to be within:!:. 2 I Smeas of the 'true' value, 95~ of the time. 
(b) Mean (X) This is the average value, the standard measure of 
location and it has been calculated as: 
Where 
- 't'X X = ~N 
x = the raw data 
N = the number of subject 
(c) Standard deviation - S This is the most important measure of 
dispersion of a distribution and it is used to describe any distribution that 
is Guassian. It is defined as: 
(d) Variance - S2 This is the average of the sums of the squared 
deviations from the mean. It is defined as: 
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- 2 1: (X - X) 
N - 1 
(e) Standard error of the mean - Si This gives an estimation of 
the precision of the sample mean for estimating the population mean, i.e. 
it measures the degree of uncertainty in a sample. It is defined as: 
S- S I --IN 
where 5 - the standard deviation for the population sample 
and N = the sample size 
(f) Stewness A measure of the amount of skewness in a sample by the 
average value of (X - it This quantity is called the third moment about 
the mean. If, for a given body dimension, low values of X are bunched 
close to the mean i, but high values extend far above the mean, this 
measure will be positive, since the large positive contributions (X - X)3, 
when i exceeds x will predominate over the smaller negative 
contributions when X is iess than x. By a similar argument, negative 
skewness arises where the extended tail is below the mean. To render 
the measure independent of the scale on which the data are recorded it is 
divided by 53. The coefficient of skewness used is defined as: 
g = I 
M3 
M (_2_) 
JM2 
where M3 = 
and 
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If the data for a given anthropometric parameter came from a 
population that is normally distributed, then, for large samples where 
N>150, gl is approximately normally distributed with a mean of zero and 
a standard deviation of ~. Thus, if the observed value of skewness lies 
outside the range: 
then there is evidence to suppose, at least at the 5,; level of significance, 
that the data came from a non-normal population. Where N< I 50, tables 
are available to evaluate gl. 
(g) [urtosis A measure of the amount of kurtosis in a sample is given 
by the average value of (X - 1)1 divided by 54. For the normal 
distribution this has the value 3. In calculating the coefficient of kurtosis 
it is standard practice to subtract 3 so that 0 is the expected value. In 
this case, if the ratio minus 3 exceeds 0 then there is usually, In 
comparison with the normal distribution, an excess of values near the 
mean and far from it, with some depletion of the mid-way flanks of the 
sample distribution. Values of less than 0 arise from curves that have a 
flatter top than the normal. The coefficient of kurtosis used here is: 
g = 2 
where M4 -
and M2 is as previously defined under the discussion of skewness. In 
very large samples (N)IOOO) g2 is normally distributed with mean 0 and 
f24 
standard deviation v N. Thus, in large samples, if the observed value 
of g2, the coefficient of kurtosis exceeds: 
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:t (1.96) (J~4) 
then, it is assumed at least at the 5% level of significance, that the data 
does not come from a normally distributed population. Where N is less 
than 1000, tables are available to evaluate gz or (gz + 3) 
(h) Variance ratio test (F test)This test investigates whether. sample 
variances are sufficiently alike to assume that they are independent 
estimates of the same population variance, i.e. the null hypothesis: 
Ho: a: = ~ 
S2 
J 
S2 
2 
F = 
with N 1-1 and Nz-l - degrees of freedom 
2 ~ 
where SI and S; = two sample variances, based on random samples of size: 
NI and Nz 
respectively from two populations. The F value obtained is checked 
against tables which have been prepared showing the value of F which 
will be exceeded with a given degree of probability for given degrees of 
freedom. 
(i) Co-efficient of Variation This is a measure often used in 
describing the amount of variation in a population. The coefficient of 
variation (CV) can be defined as: 
s 
x 
(j) Analysis of Variance This procedure determines whether the 
variation that occurs among groups is significantly greater than the 
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variation expected, given the amount of variation within the groups. In 
this study an analysis of variance was carried out for each blood group. 
The null hypothesis was that for the morphological traits studied all the 
phenotypes of each blood group have the same mean X. 
i.e. Ho ~ Xl = X2 ~ ................. ~ 
The sum of squares are broken down into two sources - variation due to 
one factor (e.g. variation between a blood groups phenotypes) and 
variation due to a random differences and errors (e.g. variation within 
each blood group phenotype). 
ssq. (total) = msq (between groups factor) ;. ss (within groups error) 
F 
. msq. (factor) 
ratIo -
msq. (error) 
The F ratio is large if the factor msq. is much larger than the error msq. 
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Acceptance of the F ratio is based upon an F table: 
with df 
and 
where 
(a-!) for the factor 
(N-a) for the error 
a the number of factors 
If the F value is greater than the table value for the given degrees of 
freedom and level of probability, the null hypothesis is rejected. 
(k) Chi-square analysis The chi square test can be used to test the 
'goodness of fit" between an observed number of responses compared 
with an expected number. The null hypothesis states that the proportion 
of responses from a sample is expected to fall in each of certain chosen 
categories and the chi square technique tests whether the observed 
frequencies are sufficiently close to the expected ones to be likely to have 
occurred under the null hypothesis Ho. 
where Oi 
ri 
k 
2 _ Y. (Oi - Ll 
X - I-I L 
= observed number of cases categorised in the ith category 
expected number of cases in the ith category under Ho 
= number of categories 
If the agreement between the observed and the expected frequency is 
close, the difference between the two values will be small in each case 
and chi square will be small. Conversely, if the differences are large, 
chi square, with it"s associated degrees of freedom (df - k - 1), is 
referred to a table of the critical values for the chi square distribution 
with it"s associated probability of occurrence under the null hypotheses. 
Alternatively the chi square test can be used to determine the 
significance of differences between two or more independent groups. 
The hypothesis, HI, is that the two groups differ with respect to some 
characteristics and therefore with respect to the relative frequency with 
which the group members fall in a number of different categories. The 
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null hypothesis. Ho, that there is no difference between the groups may 
be tested by: 
1 = If. r (Oij - Lij)2 
X i-I j-I Lij 
where Oij observed number of cases categorised in the iih row of the 
jth column 
rij number of cases expected under Ho to be categorised in the 
ith row of the jth column 
r = number of rows 
k number of columns 
The values of chi squared are distributed with df - (r-l Hk-l), and the 
probabilities associated with various values of chi square are given in a 
table as for the one sample case described above. 
The advantage of the chi square distribution is that it may be used to test 
whether several independent samples have come from the same 
population. without having to make the assumption that the observations 
are from normally distributed populations, all of which have the same 
variance. 
(1) Simple regression This produces an equation that uses one 
variable to explain the variation in another variable, using the method of 
least squares. The equation for a straight line is: 
y = a + bI 
and for the least squares line, a and b are found using: 
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l:(I. - I)(Y. - y) 
I I b = 
a - Y - bi 
The variance of a and b can also be obtained by: 
V(a) c vl:Yi 
k 
V(b) -
er 
= - k 
and the estimated variance of b obtained by replacing 0-2 by s2. 
therefore: 
V(b) __ --,,-s_2 _-= 
l:(Xi - i)2 
and the estimated standard deviation of b = V(b) 
To test statistically for significant evidence of an association between x 
and y, Le. the hypothesis that b = 0: 
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t = b _ (hypothesised value) 
(estimated SD of b) 
b - 0 
t = SD of b 
information given in t ratio, with df = n - I 
If the t ratio is significant, this gives eVidence that b is probably not 0, 
this in turn implies that the value on x is at least slightly useful as a 
predictor of the value on y. A similar test can be made for a. Values of 
t are treated as in the two tailed t-test, i.e. tables are available for 
values of t for selected probability levels and various degrees of freedom. 
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Estimation of Body Density, Fat Percentage and Lean Body 
Mass from Skinfold Measurements 
(i) Body Density 
Age 20 - 29 Males y = 1.1632 - 0.0632X 
Age 30 - 39 Males y = 1.1422 - 0.054X 
Where y = Density 
and x = log L Biceps, triceps, subscapular, 
suprailiac skinfolds 
(Womersley and Durnin, 1974) 
(ii) ~ Body Fat 
(4.95 5) % Body Fat = ---0- - 4. x 100 
where D = Density 
(Siri, 1956) 
(iH) Absolute Body Fat (kg) 
b B d F 
_ Nude body weight x % body fat 
A solute 0 y at - 100 
(iv) Lean Body Mass (kg) 
Lean body mass = Nude body weight - Absolute body fat 
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CHAPIER IV 
RESULTS 
(a) RESULTS OF THE ENGLISH CAUCASIAN MALE POPULATION 
(i) Quantitative Measurements 
325 males aged 23-35 years were involved in the study. All the subjects 
were born in the East Midland region and none of the subjects had any 
non-British antecedents. All the subjects involved in this study were in 
good physical health. 
In total, 18 anthropometric measurements were taken from each subject 
which included height, weight, circumferences and skinfold 
measurements. Table I shows the anthropometric characters measured 
along with their standard error of measurement (S-meas). It is assumed 
that 95% of the readings will be within approximately 2 x S-meas of the 
true value. 
The main statistical parameters of 23 morphological trait distributions in 
the total population, comprises of 18 anthropometric measurements, 
pattern intensity, total ridge count and the three somatotypes are shown 
in Table 2. For each of these morphological traits, the mean (X), 
standard error (S.E.), coefficient of variation (C.V.), kurtosis and 
skewness was calculated. Kurtosis and skewness were also calculated in 
order to check the 'normality' of the distribution of each morphological 
trait examined. Significant differences (p<0.05) were noted in kurtosis 
and skewness for weight, upper arm, thigh and calf circumferences as 
well as the skinfold measurements. 
transformed prior to any analysis. 
These parameters were loge 
The (X) pattern intensity for the popUlation was noted as 12.0 I which is 
similar to that observed by Weninger (1936) in an English population. 
The total ridge count also compares well with that of other researchers 
(Cummins, 1938; De Garay et ai, 1974). 
The somatotype component scores for this population were 4, 4 and 2 for 
endomorphic, mesomorphic and ectomorphic somatotypes respectively. 
These values were plotted on a somatotype chart (Figure 31). Naturally 
the vast majority of subjects were not extreme in a component but had a 
moderate amount of each component. 
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The plot of the population on the somatotype chart is nearer to the 
endomorphy/mesomorphy section of the chart rather than ectomorphy. 
As the three components are not mutually independent (in statistical 
language they are oblique, not orthogonall as one component increases 
the other two decrease and visa versa. This is the case here, with a low 
ectomorphic score and higher endomorphic and mesomorphic scores. 
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TABLE 1: Standard Error Of Measurement (S-meas) for IS 
Anthropometric Characters in the English Caucasian Male Population 
Anthropometric measurement S-meas 
Stature (mm) 2.34 
Sitting height (mm) 2.28 
Weight (kg) 0.52 
Biacromial diameter (mm) 2.76 -
Bicondylar diameter of humerus (mm) 1.26 
Bicondylar diameter of femur (mm) 1.88 
Bi-iliac diameter (mm) 2.06 
Head circumference (mm) 2.61 ~ vI""" \) ;. 
Upper arm circumference (mm) 2.56 
Thigh circumference (mm) 2.61 
Calf circumference (mm) 2.92 
Wrist circumference (mm) 1.86 
Ankle circumference (mm) 2.71 
Triceps skinfold (mm) 0.44 
Biceps skinfold (mm) 0.35 
Subscapular skinfold (mm) 0.85 
Suprailiac skinfold (mm) 0.94 
Calf skinfold (mm) 0.63 
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TABLE 2: The Main Statistical Par&meters of 23 Morphological Trait 
Distributions in the total English Caucasian Male Population 
Morphological Trait X SI. C.V. Kurtosis Skewness 
Stature (mm) 1780.00:. 3.03 6.10 0.177 0.101 
Sitting Height (mm) 942.75 :.2.53 4.84 0.222 0.067 
Weight<kg) 72 .64 :. 0.56 14.01 -0.485· 0.578· 
Biacromial Diameter (mm) 401.70 :.1.62 7.25 -0.157 -0.124 
Bicondylar Diameter Humerus (mm) 68.52 :.0.38 9.05 -0.33<1 -0.100 
Bicondylar Diameter Femur (mm) 96.10:. 0.48 8.95 -0.278 0.134 
Bi-iliac Diameter (mm) 270.04 :. 1.78 11.84 0.385 -0.020 
Head Circumference (mm) 577.67 :.1.17 3.64 0.292 -0.205 
Upper Arm Circumference (mm) 297.71 :.1.29 13.92 0.602' 0.433' 
Thigh Circumference (mm) 557.94 :.2.29 9.64 0.194 0.346' 
Calf Circumference (mm) 366.93 :.1.67 8.18 0.581· 0.459· 
Wrist Circumference (mm) 179.10 :.0.91 9.13 -0.297 0.219 
Ankle Circumference (mm) 228.85:. 1.54 12.10 -0.385 -0.205 
Triceps Skinfold (mm) 8.93:. 0.21 41.71 0.721' 0.541' 
Biceps Skinfold (mm) 4.89 :.0.13 47.85 0.643· 0.421· 
Subscapular Skinfold (mm) 13.46 :.0.34 43.99 0.908' 0.604' 
Supra-iliac Skin fold (mm) 14.90:. 0.35 43.56 0.576' 0.249' 
Calf Skinfold (mm) 7.48:. 0.15 36.30 0.542' 0.284' 
Pattern In tenshy 12.01:. 0.12 18.22 0.426 -0.020 
Total Ridge Count 133.92 :.1.04 14.06 0.348 -0.216 
Endomorphic Somatotype 3.94:.0.08 39.09 0.101 0.140 
Mesomorphic Somatotype 4.12 :. 0 .06 25.16 0.264 0.176 
Ectomorphic Somatotype 2.22:. 0.06 38.86 0.489 0.204 
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IGURE 31. CHART FOR PLOTTING SOMATOTYPES IN TWO DIMENSIONAL DIAGRAM 
(ii) Electrophoretic and Blood Group Test Results 
The genotype and allele frequencies in the English population for the 
three enzyme loci, PGM-l, EsD, AP and the blood group locus, MN are 
shown in Table 3. In the systems studied there were no significant 
departures from Hardy-Weinburg expectations: 
o 0 
(PGM-l:X; - 2.)36, p>O.O); EsDX; - 0.0316, p>O.O); 
APX~ = 1.93)). p>O.O); MNX~ = 0.10)4, p>0.05) 
rheterozygotes observed - rheterozygotes expected 
D was calculated as -----'-~-=--------.:....:;.,---"--­
r heterozygotes expected 
PGM-l has a D value of +0.0883 indicating a slight heterozygote excess. 
An excess was also noted in EsD with a D value of +0.0099. However AP 
and MN D values indicate a heterozygote deficit, being -0.0572 and 
-0.018) respectively. 
The gene frequencies of the enzyme systems were compared with those 
observed by Hopkinson et al (1964) and Harris et al (j 966) (Table 4). A 
close similarity was noted. 
Table 5 shows the gene frequencies of the ABO system. No significant 
departures (p<O.O)) were noted from Hardy Weinberg expectations. The 
gene frequencies show a close agreement to those observed by Kopec 
( 1970) in the East Midland population. 
The Rhesus system was also studied. Table 6 shows the observed 
. numbers for the blood group and the gene frequencies. The gene 
frequencies were in close agreement with those observed by Dunsford 
(J 953) in a Leicestershire population. 
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TABLE 3: Showing Genotype and Allele Frequencies in the English 
Caucasian lI&le Polulation 
PGM-l 
GENOTYPES 
Observed Expected 
Numbers Numbers 
(j) 
11 192 196.95 
21 122 112.10 
22 11 15.95 
Total 325 
Observed Expected 
Frequencies Frequencies 
11 0.5908 0.6060 
21 0.3754 0.3449 
22 0.0338 0.0491 
Allele frequencies 
FrequencyPGM 1*1 -0.7785 
Frequency PGM 1 *2 = 0.2215 
I 
Rh 
EsD 
GENOTYPES 
Observed Expected 
Numbers Numbers 
(i) 
11 254 254.33 
21 67 66.35 
22 4 4.33 
Total 325 
Observed Expected 
Frequencies Frequencies 
11 0.7815 
21 0.2062 
22 00123 
Allele frequencies 
Frequency EsD*1 = 0.8546 
Frequency EsD*2 - 0.1154 
0.7825 
0.2041 
0.0133 
AP 
GENOTYPES 
-
Observed 
Numbers 
(j) 
AA 38 
BB 128 
CC I 
AB 118 
AC 15 
BC 25 
Total 325 
Observed 
Frequencies 
AA 0.1169 
BB 0.3938 
CC 0.0031 
AB 0.3631 
AC 0.Q462 
BC 0.0769 
Allele 
Frequency AP" A 
Frequency AP"B 
Frequency AC*C 
Expected 
Numbers 
33.60 
122.46 
1.36 
128.29 
13.50 
25.78 
Expected 
Frequencies 
0.1034 
0.3768 
0.0042 
0.3948 
0.0416 
0.0793 
Frequencies 
= 0.3Z1' 
= 0.6138 
= 0.0646 
I 
GENOTYPES 
Observed Expected 
Numbers Numbers 
MM 86 84.49 
MN 143 145.70 
NN 64 62.66 
irotal 293 
Observed Expected 
FreqUencies Frequencies 
MM 0.2934 
MN 0.4882 
NN 0.2184 
Alle.le 
Frequency M 
Frequency N 
0.2883 
0.4974 
0.2143 
Frequencies 
= 0.5371 
= 0.4639 
Table 4: Comparison of Allele Frequeac:ies with those of previous 
yorkers 
System Studied Population Previous workers allele 
frequency in English population 
AP 
AP*A 0.32 0.36 
AP*B 0.61 0.60 
AP*C 0.06 0.04 
(Bopkinson et al, 1%4) 
EsD 
EsD*1 0.884 0.902 
EsD*2 0.115 0.098 
(Bopkinson et al 19(4) 
PGM 
1*1 0.778 0.763 
2*2 0.221 OUi 
(Barris et al, 19(6) 
MN 
M 0.537 0.530 
N 0.464 0.471 
(Race et at. 1949) 
ABO 
p 0.256 0.263 
q 0.060 0.057 
r 0.684 0.679 
(Kopec. 1970) 
RHESUS 
D 0.563 0.585 
d 0,437 0.415 
(Dunsford. 1953) 
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Table 5: Sho'W'ing the phenotypes and frequencies for the ABO blood 
group in the English Male Population 
PRENO TYPES 
Observed Expected 
Nos. Nos. 
0 I 137 134.99 
A 122 120.01 
B 25 27.01 
AB 9 9.99 
Total 293 
Gene frequencies: 
p = 0.2564 
q = 0.0598 
r 0.6838 
X2 = 0.0004. dl. = 1 
Table 6: Sho'W'ing the Observed Numbers and Allele Frequencies for the 
Rhesus Blood Group in the English Male Population 
Number D+ D- D d 
293 237 56 56.28 43.72 
RQ 
WO Combined Quantitative and Biochemical System Results 
Tables 7 -10 show the results of testing the difference in mean between 
individuals homozygous or heterozygous at the EsD, AP, PGM-I and MN 
loci in the English male population. In total 108 student t-tests (4 loci x 
27 morphological traits) were carried out. A positive value indicates that 
the heterozygotes have a higher mean value than the homozygotes. This 
was noted to be the case in 61 of the 108 tests, 4 of which were noted as 
being significantly different (p'(O.OSl. These were the total ridge count at 
the EsD locus, biacromial diameter and mesomorphic somatotype at the 
PGM -1 locus and fat free mass at the MN blood group locus. No 
significant differences (p)O.OSl were noted to indicate a higher mean in 
homozygotes than heterozygotes. The significantly different results that 
are observed, indicating a higher mean in heterozygotes than 
homozygotes, are few in number and can be explained by random chance 
alone. So no differences in means are observed between individuals 
homozygous or heterozygous at any of the 4 loci studied in this 
population. 
Table 7: Testing differences in mean of morphological traits between 
individuals homozygous or heterozygous at the EsD enzyme locus in the 
English Caucasian Male population 
Morphological Trait X hetero X homo 
(n-67) (n-258) 
Stature 1782.0 1779.5 
I Sitting Height 9-40.1 9-43.2 
Weight • 4.75 4.28 
Biacromial Diameter 405.3 407.4 
Bicondylar diam. of humerus 68.4 68.5 
Bicondylar diam. of femur %.2 %.1 
Bi-iliac diameter 271.0 270.3 
Head circumference 579.5 577.2 
I Upper arm circumference • HO 3.38 
IThigh circumference • 4.02 4.01 
Calf circumference • 3.61 3.60 
I Wrist circumf eren ce 178.3 179.3 
Ankle circumference 228.9 228.8 
Triceps Skinfold • 2.08 2.12 
Biceps Skinfold • 1.46 1.50 
Subscapular skin fold • 2.41 2.45 
Suprailiac skin fold • 2.56 2.59 
Calf skinfold • 1.9-4 1.9-4 
I 
Pattern Intensity 12.1 12.0 
Total Ridge Count 137.9 132.8 
Endomorphic Somatotype 3.46 3.60 
Mesomorphic Somatotype 4.24 4.09 
Ectomorphic Somatotype 2.87 2.69 
Isum of 4 skinfolds • 3.60 3.64 
1% Body fat • 2.74 2.78 
Absolute body fat • 2.41 2.49 
IFat free mass • 4.08 4.10 
• data subjected to loge transformation 
• = significantly different at 5% level 
t<O.05) = 2.00 N = 60 
t(0.05) = 1.98 N = 120 
t-value 
0.21 
-0.44 
-1.18 
1.43 
-0.20 
0.06 
0.23 
1.00 
1.18 
0.65 
0.65 
-0.71 
0.02 
-1.05 
-1.02 
-1.25 
-0.96 
-0.06 
0.23 
2.11 • 
-0.60 
1.02 
1.56 
-1.08 
-0.32 
-1.39 
-0.68 
Table 8: Testing differences in mean of morphological traits between 
individuals homozygous or heterozygous at the AP enzyme locus in the 
English Caucasian Male population 
Morphological Trait X hetero Xhomo 
(n-158) (n=167) 
Stature In6.3 1783.5 
!Sitting Height 939.6 945.7 
Weight • 4.27 4.28 
!Biacromial Diameter 402.S 401.0 
Bicondylar diam. of humerus 68.3 68.7 
! Bicondylar diam. of femur %.0 %.3 
Bi-i1iac diameter 269.6 271.2 
Head circumference 5n.7 Sn.7 
Upper arm circumference • 3.79 3.78 
Thigh circumference • 4.02 4.02 
Calf circumference • 3.62 3.60 
!W rist circumference 178.0 180.1 
Ankle circumference 227.0 230.6 
Triceps Skin fold • 2.11 2.12 
Biceps Skinfold • 1.49 1.49 
Subscapular skinfold • VIS 2.44 
ISuprailiac skinfold • 2.59 2.57 
I Calf skin fold • 1.94 1.95 
Pattern Intensity 11.9 12.1 
Total Ridge Count 133.5 134.3 
I 
IEndomorphic Somatotype 3.58 3.51 
IMesomorphic Somatotype 4.18 4.06 
Ectomorphic Somatotype 2.67 2.n 
Sum of 4 skinfolds * 3.64 3.62 
% Body fat • 2.77 2.76 
Absolute body fat • 2.44 2.49 
Fat free mass • 4.08 4.10 
• data subjected to loge transformation 
+ - significantly different at 5% level 
t(O.OS) = 2.00 N = 60 
t(O.OS) = 1.98 N = 120 
t-value 
-0.61 
-05S 
-0.41 
0.48 
-0.42 
-0.13 
-0.47 
-O.ot 
0.58 
0.09 
0.75 
-0.69 
-1.17 
-0.11 
-0.08 
0.24 
0.69 
-0.48 
-0.86 
-0.42 
0.54 
1.09 
-0.86 
0.67 
0.20 
-1.62 
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Table 9: Testing differences in mean of morphological traits betw'een 
individuals homozygous or heterozygous at the PGM-l enzyme locus in 
the English Caucasian Male population 
Morphological Trait X hetero X homo 
(n=122) (n=203) 
Stature 1781.9 1788.8 
I Sitting Height 94l.5 943.5 
Weight * 4.28 4.27 
I Biacromial Diameter 405.5 399.4 
Bicondylar diam. of humerus 68.8 68.3 
Bicondylar diam. of femur 96.5 95.8 
Bi-iliac diameter 272.0 269.5 
Head circumference 579.5 576.6 
Upper arm circumference * 3,40 3.37 
IThigh circumference * 4.02 4.01 
Calf circumference * 3.61 3.59 
I Wrist circumference 178.7 179.3 
Ankle circumference 229.2 228.6 
ITriceps Skinfold * 2.11 2.09 
I Biceps Skinfold * l.51 1.47 
Subscapular skin fold * 2.47 2.43 
Suprailiac skin fold * 2.61 2.56 
Calf skinfold *. l.97 1.92 
Pattern Intensity 12.2 11.9 
Total Ridge Count 135.2 133.1 
Endomorphic Somatotype 3.7l 3,45 
Mesomorphic Somatotype 4.34 3.99 
Ectomorphic Somatotype 2.69 2.74 
Sum of 4 skinfolds * 365 3.61 
% Body fat * 2.76 2.76 
Absolute body fat * 2.46 2.47 
/Fat free mass * 4.09 4.10 
* data subjected to loge transformation 
+ - significantly different at 5% level 
t(O.05) c 2.00 N = 60 
t(0.05) = 1.98 N = 120 
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t-value 
0.27 
-0$2 
0.45 
2.02 • 
O.ot 
-0.74 
0.74 
1.32 
1.72 
1.03 
1.76 
0.37 
0.22 
057 
0.70 
0.68 
1.35 
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1.17 
1.01 
1.69 
2.99 • 
0.47 
1.02 
0.01 
-0.35 
-0.14 
Table 10: Testing differences in mean oC morphological traits between 
individuals homozygous or heterozygous at the MN blood group locus in 
the English Caucasian Male population 
Morphological Trait X hetero X homo 
(n=150) (n=143) 
Stature 1776,6 1781.2 
Sittin g Heigh t 940,3 944,2 
Weight .. 4.26 4,29 
Biacromial Diameter 402,5 400.6 
Bicondylar diam, of humerus 68,4 68,5 
Bicondylar diam, of femur 95,9 %.2 
Bi-iliac diameter 269,6 270,5 
Head circumference 577.2 577,7 
Upper arm circumference .. 3,38 3.38 
Thigh circumference .. 4,01 4,01 
Calf circumference .. 3,60 3,60 
Wrist circumference 178,2 179.6 
Ankle circumference 228.6 228.1 
Triceps Skinfold .. 2.11 2.13 
Biceps Skinfold .. 1.49 1.51 
Subscapular skinfold .. 2.46 2.45 
Suprailiac skinfold .. 2.62 2.60 
Calf skinfold 1.96 1.95 
Pattern Intensity 12.5 12.1 
Tota! Ridge Count, 134.6 133.4 
Endomorphic Somatotype 3.58 3.53 
Mesomorphic Somatotype 4.09 4.10 
Ectomorphic Somatotype 2.59 2.83 
Sum of 4 skinfolds .. 3.64 3.63 
,. Body fat .. 2.79 2.76 
Absolute body fat .. 2.50 2.46 
Fat free mass .. 4.11 4.06 
.. data subjected to loge transformation 
+ • significantly different at 5% level 
t(0.05) = 2.00 N = 60 
t(0.05) = 1.98 N = 120 
t-value 
-0.35 
-0,72 
-0,02 
0,54 
-0,03 
-0.20 
-0.24 
-0.22 
0,06 
0,02 
0,11 
-0.77 
0.16 
-0.57 
-0.31 
0.14 
0.35 
0.19 
1.25 
0.55 
0.27 
-0.11 
-1.90 
0.14 
1.07 
0.54 
2.06 + 
The percentage of "Modal" individuals among homozygous and 
heterozygous groups for the loci studied in the English population are 
shown in Table 11. Subjects with values for the morphological traits in 
the range average of :!:0.67 standard deviations, which is theoretically 
about 0.5 of the distribution were designated as "Modal" individuals. 
Although, at all four loci, the heterozygotes have a higher percentage of 
"Modal" individuals than the corresponding homozygotes, significant 
differences (p<O.OS) as tested by the XZ test were observed in only 7 out 
of the 108 tests carried out. These were head and wrist circumferences 
at the EsD locus, stature and biacromial diameter at the AP locus, ankle 
circumference at the PGM-l locus and, finally, weight and subscapular 
skinfold at the MN locus. Only the subscapular skinfold at the MN locus 
showed homozygotes to have a significantly higher number of "Modal" 
individuals than heterozygotes (p<O.OS). These results could, however, 
all be expected by random chance alone so there is no indication of any 
differences in the percentage of "Modal" individuals among homozygous 
and heterozygous groups. 
Table 11: l)ercentage of -Modal- individuals among Homozygous and Heterozygous groups for the loci studied in the 
English Caucasian Male population 
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(n = 258) 
48.9 
46.0 
42.2 
520 
56.3 
50.7 
HI 
4').1 • 
502 
47.6 
393 
306' 
47.9 
46.2 
47.4 
486 
435 
397 
47.9 
526 
502 
526 
44.9 
EsD AP 
(0 ~ 325) (0 = 325) 
ht:lero homo hetero 
In=67) (n = 167) (0 = 1)8) 
506 41.3' 58.6 • 
48.5 51.2 51.9 
451 463 46.2 
50.6 373 ' 54.7 * 
505 486 50.7 
45.2 436 45.7 
52.4 462 44.2 
617 " 48.6 516 
436 446 49.4 
505 41.0 48.2 
45.7 40.2 45.1 
44.S· 39.5 44.6 
52.S 475 50.4 
500 425 47.2 
46.9 486 50S 
549 459 44.7 
524 49.2 47.4 
446 46.4 47.2 
48_9 437 52.3 
48.4 425 47.2 
446 483 55.7 
581 546 542 
4').4 47.8 45.2 
" significantly different values (p' 0(15): diITerence tested by x2test 
')b 
PGM-I MN 
(0 =325) (0 = 293) 
homo helero homo helero 
(0 = 203) (n = 122) (n = 150) (0 = 143) 
46.1 500 40.5 48.7 
438 521 53.0 500 
4).3 521 311- 503 • 
451 48.9 44.6 521 
42.6 47.2 571 493 
512 55.6 46.1 512 
47.1 50.1 44.7 45.8 
48.4 48.4 398 423 
501 56.7 45.7 437 
48.9 57.7 581 524 
437 45.7 44.4 503 
45.9 44.3 49.4 49.6 
39.6 " 60.2 " 531 47.2 
50.3 500 44.0 46.2 
H.9 52.4 512 547 
49.4 533 58.9 " 331 " 
48.4 473 523 4fs.6 
437 452 48.6 523 
47.0 50.6 532 60.0 
534 48.7 392 38.4 
48.6 48.9 521 46.4 
40.1 42.S 49.2 587 
49.3 535 52.2 49.4 
Twenty morphological traits were measured, as well as endomorphic, 
mesomorphic and ectomorphic somatotype scores, which were calculated 
using some of the anthropometric data collected. This resulted in a large 
number of traits, many of which were not independent of each other i.e. 
stature and sitting height. It was for this reason that factor analysis was 
carried out in order to extract a small number of factors to represent the 
total number of morphological traits. Table 12 shows the result of 
principal component analysis on the English population using the 
orthogonallvarimax transformation method. Principal component 
analysis was chosen as it is probably the oldest factoring procedure and 
performs a simple eigenvalue eigenvector analysis of the correlation 
matrix in it's original form (Rotelling, 1933). It is also a well established 
factor method. 
Six factors were extracted on carrying out factor analysis. Three general 
criteria can be used for determining the number of factors: roots greater 
than 1, root curve analysis and extraction of 75~ of the variance. 
The criteria of roots greater than 1 (Kaiser, 1965, 1970) specifies that as 
many factors will be retained as there are eigenvalues greater than, or 
equal to, 1. 
The criteria of 75% variance rule (Gorsuch, 1983) is determined by the 
sum of all eigenvalues, which is also the matrix variance, keeping in 
mind that the eigenvalues are determined in order of descending 
magnitude, it becomes clear that each eigenvalue accounts for 
successively less variance than the eigenvalue preceding it. As soon as 
the sum of the proportionate contributions of the eigenvalues exceeds 
0.75, it is assumed that all relevant matrix variance has been accounted 
for. The rank order of the eigenvalue that pushes the sum of the 
proportionate contributions over 0.75 is assumed to be an index of the 
total number of factors to be retained for further analysis. 
The Root Curve criteria is based upon the work of Cattell, (1966), and 
Cattell and Jasper, (1967). Essentially, this criteria determines the 
eigenvalue associated with the point of inflection of a plot of the 
eigenvalues from the largest to the smallest. Inasmuch as the 
eigenvalues are always determined from the largest to the smallest, the 
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rank order of the eigenvalue associated with the point of inflection is 
considered to be an estimate of the number of factors. 
The default method was used in this study. This represents a criteria 
that is unique to the factoring method employed, and may, or may not, 
determine the same number of factors as one of the first three criteria. 
The default method for principal components is a combination of two 
criteria. It is the larger of the numbers determined by either the 75~ 
variance rule or by the root curve analysis. 
From Table 12 it can be seen that factor 1 is mainly representing weight, 
the skinfold measurements and endomorphy, factor 2 represents stature 
and sitting height which clearly are not independent measurements. 
Factor 3 represents thigh and calf circumferences. The total ridge count 
and pattern intensity are represented by factor 4. Factor 5 represents 
the bony widths and mesomorphy and, finally, factor 6 represents head 
circumference. In all the statistical tests carried out the results of the 
individual morphological traits and those of the factors obtained from 
factor analysis were represented. 
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TABLE 12: ShoYing the Result of Principal Component Analysis on the 
Caucasian English Male Population Using the OrthogonallVarimax 
Transformation Method 
FACTOR FACTOR FACTOR FACTOR FACTOR FACTOR 
1 2 3 4 5 6 
!EndomOrPhY 0,879 0,084 0.241 -0.008 0.214 -0.009 
I Mesomorphy 0.306 -0.346 0.364 0.062 0.824 0.141 
IEctomorPhY -0.531 0.764 -0.567 0.024 0.216 0.083 
Pattern Intensity -0.123 0.074 0.094 0.971 -0.092 0.021 
Total Ridge Count -0.069 -0.034 0.004 0.%4 -0.031 -0.034 
Stature 0.134 0.956 0.032 0.032 0.143 0.241 
Sitting Height 0.096 0.901 -0.091 0,041 0.134 0.186 
Weight 0.641 0.342 0.486 0.104 0.361 0.063 
Biacromial Diameter 0.092 0.264 0.391 0.063 0.748 0.364 
Bicondylar Diam. Humerus 0.295 0.176 0.072 -0.014 0.794 -0.051 
Bicondylar Diam. Femur 0.234 0.321 0.121 0.031 0.736 -0.082 
Bi-iliac Diameter 0.304 0.314 -0.046 0.082 0.612 0.304 
Head Circumference 0.141 -0.019 0.234 -0.019 0.241 0.862 
Upper Arm Circumference 0.432 0.216 0,641 -0,042 0.432 0.164 
Thigh Circumference 0.2% 0.232 0.821 0.124 0.364 -0.009 
Calf Circumference 0.391 0.274 0.699 -0,034 0.491 -0.034 
Wrist Circumference 0.209 0.194 0.342 0.007 0.421 0.342 
Ankle Circumference 0.366 0.201 0.394 -0.059 0.471 0.291 
Triceps Skinfold 0.896 0.024 0.164 -0.082 0.164 -0.031 
Biceps Skinfold 0.841 -0.025 0.099 0,018 0.191 -0.067 
Subscapular Skinfold 0.892 0,0% 0.005 0.025 0.086 0015 
Supra-iliac Skinfold 0.911 0.004 0.187 0.064 0.088 -0.029 
Calf Skin fold 0.802 0,008 0.019 0.082 0.123 0.116 
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Tables 13-16 show the results of testing the difference in variance of the 
morphological traits between homozygous and heterozygous individuals 
at the EsD, AP, PGM -I and MN loci. F values greater than 1 signify 
greater homozygote variability which was observed in 90 out of 108 
results at the 4 loci when a variance ratio test was applied (where 
homozygote values were the numerator and heterozygote values the 
denominators). For the 18 values noted to be less than I, a two tailed 
test was applied and no significant differences were observed (p>0.05). 
In total 52 results indicating larger morphological variability in 
homozygotes than heterozygotes were noted as being significantly 
different (p<0.05). 17 values were at the EsD locus, 10 at the AP locus, 
14 at the PGM -1 locus and 11 at the MN locus. Factors 1-6 are 
representative of the morphological traits and, not surprisingly, the 
same trend is noted. On carrying out variance ratio tests 4 out of 6 
factors at the EsD locus were significantly different (p<0.05), while at the 
AP locus, 3 out of 6 factors were noted as being significantly different 
(p<0.05). PGM-l showed 4 out of 6 factors to be significantly different 
(p<0.05) and, finally, the MN locus where 2 out of 6 factors were 
significantly different. All the results strongly indicate that the variance 
of the homozygotes is larger than the heterozygotes at all the loci studied 
in the English population. These results cannot be explained by random 
chance. Only factor 4 at the PGM -1 locus indicated that the 
heterozygotes have a larger variance than the homozygotes (factor 4 
representing total ridge count and pattern intensity). 
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Table 13: Testi.ng difference in variance of morphological traits 
betveen individuals homozygous or helerozygous at the EsD enzyme 
locus in the English Caucasian Male population 
(H = 325) 
(r-test Variance ratio lest) 
Morphological Trait S2homo S2 hetro F-ratio 
(n=258) (n=67) 
Stature 4439.99 2045.10 2.17 • 
Siuing Height 1549 .. 21 78t.:53 1.98 + 
Weight * 0.021 0.011 1.90 • 
Biacromial Diameter -475.31 223.24 2.13 • 
Bicondylar diam. of humerus 35.47 17.06 2.08 • 
Bicondylar diam. of femur 41.42 20.35 2.03 + 
!Bi-iliac diameter 572.90 288.47 1.98 + 
IHead circumference ·19:).79 237.00 2.09 • 
Upper arm circumference * 0.019 0.017 1.12 
IThigh circumference • 0.004 0.003 1.33 
Calf circumference * 0.006 0.006 1.00 
I Wrist circumference 198.33 10134 1.96 • 
Ankle circumference * 440.31 170.09 2.59 • 
!Triceps Skinfold • 0.146 0.118 1.24 
Biceps Skinfold • 0.184 0.125 1.47 • 
Subscapular skinfold • 0.149 0.098 1.52 • 
Suprailiac skinfold • 0.160 0.113 1.41 • 
Calf skinfold 0.144 0.113 1.27 
Pauern Intensity 4.90 HI 1.11 
Total Ridge Count 242.32 203.41 1.19 
Endomorphic Somatotype 2.04 1.46 1.39 
Mesomorphic Somatotype 1.06 1.12 0.90 (1.06) 
Ectomorphic Somatotype 1.23 0.665 1.85 + 
Sum of 4 skinfolds • 0.156 0.104 1.50 • 
% Body fat • 0.098 0.062 1.58 + 
Absolute body fat * 0.197 0.150 1.31 
Fat free mass • 0.015 0.007 2.14 • 
Factor I 1.559 1.068 1.46 • 
Factor 2 1.679 0.859 1.95 • 
Factor 3 1.097 0.913 1.20 
Factor 4 1.134 1.098 1.03 
Factor :; 1.132 0.481 2.35 • 
Factor 6 1.023 0.411 2.48 + 
• data subjected to log e transformation 
• = significantly different values (p ( 0,0) 
values in brackets indicate where the two-tailed test was applied 
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Table 14: Testing difference in variance of morphological traits 
between individuals homozygous or heterozygous at the AP enzyme 
locus in the English Caucasian Male population 
(N = 3Z~j) 
(F-test Variance ratio lest) 
Morphological Trait S2 homo S2 hetro F-ratio 
(n=167) (n=158 ) 
Stature 493172 2905.35 170 + 
Sitting Height 17.4.62 1039.59 165 + 
Weight + 0.022 0.016 135 + 
Biacromial Diameter 513.44 331.51 I" + Bicondylar diam. of humerus 38.53 24.49 157 + 
Bicondylar diam. of femur 45.53 28.18 161 + 
Bi-iliac diameter 621.12 401.66 155 + 
iHead circumference 540.14 340.06 l.59 + 
iUpper arm circumference + 0.019 0.018 105 
Thigh circumference + 0.012 0.004 lOO 
Calf circumference + 0.007 0.006 1.17 
Wrist circumference 213.22 140.39 152 + 
Ankle circumference + 420.40 344.46 122 
Triceps Skinfold * 0.139 0.142 0.98 (1.02) 
Biceps Skinfold * 0.175 0.169 105 
Subscapular skinfold + 0.136 0.142 0.96 (1.04) 
Suprailiac skinfold + 0.148 0.152 0.970.03) 
Calf.skinfold 0.143 0.133 107 
Pattern Intensity 5.12 4.37 1.17 
Total Ridge Count 253.36 219.54 1.15 
Endomorphic Somatotype 1.19 1.94 0.61 (1.63) 
Mesomorphic Somatotype 1.07 1.07 1.00 
Ectomorphic Somatotype 1.50 072 2.08 + 
Sum of 4 skinfolds + 0.142 0.149 095 (1.05 
" Body fat + 0.094 0.089 1.06 
Absolute body fat + 0.233 0.141 1.65 
Fat free mass + 0.015 0.014 1.07 
!Factor 1 1.637 1.305 1.25 
Factor 2 1935 1.039 1.86 + 
Factor 3 1.234 1.002 1.23 
Factor 4 1.086 0.935 1.16 
Factor 5 1.298 0.786 1.66 + 
Factor 6 1.231 0.917 1.34 + 
* data subjected to log e transformation 
• = significantly different values (p < 0.05) 
values in brackets indicate where the two-tailed test was applied 
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Table 1:5: Testing difference in variance of morphological traits 
between individuals homozygous or heterozygous at the PGM-l enzyme 
locus in the English Caucasian Male population 
(N = 32:5) 
(f-test Variance ratio test) 
Morphological Trait S2 homo S2 hetro F-ratio 
(n=203) (n=122) 
Stature 4925.34 2301.86 2.J4 + 
I Siuing Height 1700.45 870.07 19:5 + 
Weight .. 0.021 0.015 140 + 
Biacromial Diameter 513.90 26'08 194 + 
Bicondylar diam. of humerus 38.59 20.03 193 + 
Bicondylar diam. of femur 4534 23.11 1% + 
Bi -iliac diame te r 620.41 334.67 185 + 
Head circumference 53532 281.92 190 + 
Upper arm circumference .. 0.019 0.017 1.12 
Thigh circumference .. 0.004 0.003 133 
Calf circumference .. 0.007 0.006 1.17 
Wrist circumference 213.47 119.:52 179 + 
Ankle circumference .. 495.16 198.93 2.49 + 
Triceps Skinfold .. 0.146 0.128 114 
Biceps Skinfold .. 0.183 0.151 1.21 
Subscapular skinfold .. 0.146 0.124 1.18 
Suprailiac skinfold .. 0.158 0.133 1.18 
Calf skin fold 0.148 0.118 1.25 
Pattern Intensity 4.87 4.64 1.05 
Total Ridge Count 267.91 183.57 1.46 + 
Endomorphic Somatotype 2.01 1.73 1.16 
Mesomorphic Somatotype 1.08 1.00 1.08 
Ectomorphic Somatotype 1.43 0.61 2.34 + 
I Sum of 4: skinfolds .. 0.156 0.125 1.25 
I '70 Body fat .. 0.103 0.072 1.43 + 
Absolute body fat .. 0.213 0.146 1.56 + 
I Fat free mass .. 0.014 0.011 1.27 
IFactor 1 l.499 1.«5 1.04 
Factor 2 1.874 0.862 2.17 + 
IFactor 3 1.100 0.511 2.15 + 
Factor 4 1.124 1.886 0.590.68)+ 
Facton 1.268 0.843 1.50 + 
Factor 6 2.042 1.029 1.98 + 
.. data subjected to log e transformation 
+ • significantly different values (p ( 0.05) 
values in brackets indicate where the two-tailed test was applied 
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Table 16: Testing difference in variance oC morphological traits 
betveen individuals homozygous or heterozygous at the MN Blood 
Group locus in the English Caucasian Male population 
(N = 293) 
(F-test Variance ratio test) 
Morphological Trait S2 homo S2 hetro F-ratio 
(n=150) (n=143) 
Stature 4746.67 3045.97 1.56 + 
SiUing Height 1621.80 1119.28 1.45 + 
Weight " 0.020 0.016 1.25 
Biacromial Diameter 485.54 354.84 1.37 + 
Bicondylar diam. of humerus 36.87 25.73 1.43 + 
Bicondylar diam. of femur 43.07 30.48 1.41 + 
Bi - iliac diame te r 597.87 418.92 1.43 + 
Head circumference 511.73 362.73 1.41 + 
Upper arm circumference " 0.019 0.017 1.12 
Thigh circumference * 0.004 0.004 1.00 
Calf circumference " 0.006 0.006 1.00 
Wrist circumference 204.89 146.62 1.40 + 
Ankle circumference * 514.89 252.09 2.04 + 
Triceps Skinfold * 0.146 0.147 0.990.01 ) 
Biceps Skinfold " 0.187 0.167 1.12 
Subscapular skinfold * 0.154 0.135 1.14 
Suprailiac skinfold " 0.160 0.148 1.08 
Calf skinfold 0.147 0.130 1.13 
Pattern Intensity 4.83 4.87 0.99(1.01) 
Total Ridge Count 205.85 265.53 0.77(1.29) 
Endomorphic Somatotype 2.11 1.91 1.10 
Mesomorphic Somatotype 1.04 1.02 1.02 
IEctomorphic Somatotype 1.07 1.15 0.930.07) 
Sum of 4 skinfolds " 0.156 0.147 1.06 
" Body fat * 0.110 0.078 1.41 + 
Absolute body fat " 0.197 0.193 1.02 
Fat free mass " 0.015 0.010 1.50 + 
Factor 1 1.540 1.511 1.02 
Factor 2 1.724 1.209 1.43 + 
Factor 3 1.176 0.898 1.30 
Factor 4 1.126 1.107 1.01 
Factor 5 1.178 0.783 1.50 + 
Factor 6 1.215 0.913 1.33 
• data subjected to log e transformation 
+ = Significantly different values (p < 0,05) 
values in brackets indicate where the two-tailed test was applied 
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Chakraborty and Ryman (1983) demonstrated analytically that 
heterozygotes were less variable than homozygotes solely because of 
additive allelic effects. They implied that the pooling together of the 
homozygote genotypes could explain why their variance is larger than 
that of the heterozygotes. Tables 17-20 show the results of testing the 
difference in variance of morphological traits between the different 
genotypes at the 4 loci studied in the English population. If what 
Chakraborty and Ryman have demonstrated analytically holds true, then 
by separating the genotypes one would expect no difference in variance 
between any of the homozygote genotypes and that of the heterozygotes. 
The results do not indicate this to be the case. At the EsD locus the 
number of homozygote individuals total 258, by separating the 
homozygote genotypes the number of genotype 11 were 254 and of 
genotype 22 there were only "I, so, at this locus, to look at a genotype 
pooling is not sensible due to the extremely low numbers of genotype 22. 
The same situation also applies to PGM-l where there are only 11 
individuals of genotype 22. At the AP locus this is not the case (Table 
19). Separating the various homozygous genotypes results in 3 
genotypes. AA. BB and Cc. The genotype CC was very low in number 
but subjects with genotype AA and BB totalled 38 and 128 respectively. 
When an F test was carried out to test the differences in variance of 
morphological traits between genotype AA and AB (genotype AA was the 
numerator and genotype AB the denominator). II out of 27 tests showed 
significant differences (p<0.05) indicating homozygotes have a larger 
variance than heterozygotes. All six factors. which are representative of 
the morphological traits. had a positive value indicating that the 
homozygotes had a larger variance than the heterozygotes and factors 2 
and 5 were significantly different (p<0.05). When a variance ratio test 
was carried out to test the difference in variance of the morphological 
traits between genotypes BB and AB. a similar result was noted, 12 out 
of 27 morphological traits showed significant differences (p<O.OS) as well 
as 3 of the 6 factors extracted from factor analysis, namely I, 2 and 5. 
Some of the heterozygous genotypes of AP were low in number, so they 
were pooled together to give a sufficient sample size (AC/BC, n = 40; 
AB/ AC. n = 133: AB/BC, n = 143). An F test was carried out to test the 
difference in variance of the morphological traits between these pooled 
heterozygotes and the homozygote genotypes AA and then BB. The 
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results clearly indicate that homozygotes have a higher variance than 
heterozygotes. 
From all the combinations of F tests carried out at the AP locus on the 27 
morphological traits, only 14.8 % of the results showed that the 
homozygotes have a lower variance than the heterozygotes, however, 
83.3% of the results indicated the reverse situation to be true. None of 
the results indicating homozygotes to have a lower variance than 
heterozygotes were significantly (p>O.OS) whereas 41.6% of the results 
indicated heterozygotes to have a lower variance than homozygotes were 
significantly different (p<O.OS). At the AP locus there is no indication of 
additive effects accounting for the differences. 
At the MN blood group locus when a variance ratio test was carried out to 
test the difference in variance of morphological traits between MM (n = 
86) and MN (n - 143), 10 out of 27 tests were significantly different 
(p<O.OS) indicating homozygotes have a larger variance than 
heterozygotes. No results were significantly different indicating the 
opposite situation existed. When the F test was carried out, to test the 
difference in variance of morphological traits, between genotypes, NN 
(n a 64) and MN (n • 143), 4 out of 27 results were significantly 
different (p<O.OS) indicating that homozygotes had a larger variance than 
heterozygotes. However, at this locus, there were also two results that 
were significantly different (p<O.O 5) indicating a lower variance in the 
homozygotes. The general trend still indicates an inverse relationship 
between morphological variance and heterozygosity and no conclusive 
evidence is given in the results to support Chakraborty and Ryman's 
theory. 
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Table 17: Testing difference in variance oC morphological traits 
between the EsD genotypes in the English Caucasian Male population I 
(n~3Z:» 
Morphological Trait S211 S221 S222 F-ratio F-ratio BARTLETTS 
(n=254) (n=67) (n=4) 11121 22121 lJl2 TestdL2 
iStalUre 4377.69 2045.10 7632.22 2.14 • 3.73 .. 14.g.( • 
Sitting Height 1531.36 781.53 2856.45 1.96 • 3.65 +. 12.62 • 
Weight * 0.021 0.011 0.Q30 1.91 • 2.72 • 9.41 • 
Biacromial Diameter 465.64 223.24 877.12 2.08 • 3.93 • 11.21 • 
Bicond diam. of humerus 35.02 17.06 62.45 2.05 • 3.66 · ' 10.62 + Bicond diam. of femur 40.83 2035 80.33 2.01 • 3.95 • 8.41 • 
Bi-iliac diameter 565.10 288.47 1044.l2 1.96 • 3.62 • 9.64 • 
Head circumference 485.30 237.00 972.25 2.04 • 4.10 · ' 13.46 • Upper arm circum. * 0.006 0.006 0.012 1.00 2.00 6.14 • 
Thigh circumference * 0.012 0.010 0.022 1.20 2.20 5.21 
Calf circumference * 0.007 0.006 0.012 1.20 2.00 3.21 
W riSl circumference 196.11 101.34 368.61 1.93 • 1.88 6.42 • 
Ankle circumference 438.18 170.09 631.46 2.58 • 3.71 • 9.21 • 
Triceps Skinfold * 0.145 0.118 0.077 1.23 0.65 4.22 
0.53) 
Biceps Skin fold * 0.183 0.125 0.210 1.46 • 1.68 5.41 
Subscapular skinfold * 0.148 0.098 0.124 1.51 • 1.26 5.91 
Suprailiac skinfold * 0.160 0.113 0.125 1.41 1.11 3,43 
Calf skin fold * 0.142 0.113 0.300 1.26 2.65 • 7.92 • 
Pattern Intensity 4.90 HI 5.65 1.11 1.28 2.14 
Total Ridge Count 24'1.82 203.14 112.17 1.20 0.55 6.41 • 0.81) 
Endo Somatotype 2.05 1.456 0.896 1.'11 0.61 2.31 (1.62) 
Meso Somatotype 1.06 1.124 2.11 O.g.( 1.88 , 5.62 ( 1.06) 
Ecto Somatotype 1.24 0.665 0.750 1.86 • 1.13 5.21 Sum of 4 skin folds * 0.156 0.104 0.119 1.50 • 1.14 4.11 
% Body fat * 0.098 0.062 0.099 1.58 • 1.60 7.36 • Absolute body fat * 0.195 0.150 0.229 1.30 1.53 4.11 Fat free mass * 0.015 0.007 0.015 2.14 • 2.14 2.54 Factor 1 1.581 0.900 1.068 1.48 • 1.19 3.42 Factor 2 1.688 0.859 0.814 1.96 • 0.95 8.61 • ( 1.05) 
Factor 3 1.043 0.713 1.857 1.14 2.Q3 2.31 Factor 4 1.142 1.098 1.540 1.04 1.40 2.74 Factor 5 1.121 0.481 1.490 2.33 • 3.09 
.' 9.42 + Factor 6 0.838 0.411 1.050 2.04 • 2.55 + 6.31 • 
• data subjected to loge transformatIOn 
• = significantly different values (p<0.05) 
values in brackets indicate where two tailed test was applied 
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Table 18: Testing difference in variance of morphological traits 
betveen the PGM-I genotypes in the English Caucasian Male 
Population 
(n = 3Z~» 
S211 S221 S222 F-ratio F-ratio 
(N=192) (N=122 (N·I J) 11121 22121 
Stature 4881.24 2301.86 "76.97 2.12 • 2.42 • 
Silting height 1689.95 870.00 1894.73 1.94 • 2.18 • 
!Weight " 0.021 O.oJ5 0.014 1.40 • 0.93 
Biacromial diameter 503.56 26458 659.05 1.90 • 2.49· 
Bicond diam of humerus 37.95 20.03 4845 1.89 • 242. 
Bicond diam of femur 44.64 23.11 58.50 1.93 • 2.53· 
Bi-iliac diameter 61240 334.67 752.32 1.83 • 2.25 • 
Head circumference 526.67 281.92 667.60 1.87 • 2.37. 
!upper arm circumference" 0.006 0.006 0.008 1.00 1.33 
Thigh circumference .. 0.012 0.010 0.017 1.20 1.70 
Calf circumference .. 0.007 0.006 0.009 1.17 1.50 
Wrist circumference 210.89 119.52 264.57 1.76 • 2.21 • 
Ankle circumference 498.47 198.93 45358 2.50 • 2.28 • 
Triceps skinfold .. 0.148 0.128 0.092 1.16 0.72 
(1.38 ) 
Biceps skinfold " 0.186 0.151 0.127 1.23 0.84 (1.19) 
Subscapular skinfold .. 0.150 0.124 0.064 1.21 0.52 
(J .94) 
Suprailiac skinfold .. 0.161 0.133 0.082 1.21 0.62 
(J .62) 
Calf skinfold .. 0.148 0.118 0.140 1.25 1.19 
! Pattern in tensity 5.04 4.64 2.00 1.09. 043 
(2.32) 
!TOtal ridge count 276.24 183.:57 122.98 1.'0 • 0.67 
(1.49) 
\Endo somatotype 2.066 1.736 0.714 1.19 041 
(243) 
Meso somatotype 1.086 1.001 1.081 1.08 1.08 
, 
! 
Ecto somatotype 1.436 0.610 1405 2.35 • 2.30 •• 
Sum of 4 skin folds .. 0.159 om o.on 1.27 0.62 
(1.62 
% Body fat * 0.102 0.072 0.091 1.42 • 1.26 
Absolute body fat * 0.214 0.146 0.136 1.47 + 0.93 , 
( 1.07) 
Fat free mass .. O.oI5 0.011 0.011 1.36 • 1.00 
!Factor I 1.499 1.480 0.'82 1.01 0.39 
(2.54) 
!Factor 2 1.880 0.862 1.810 2.18 • 2.10. 
Factor 3 0.859 0.511 0.436 1.68 + 0.85 
\ ( 1.17) 
Factor 4 1.130 1.886 1.111 1.04 0.59 •. 
( 1.70) 
Factor 5 1.260 0.843 1.517 1.49 + 1.19 
\Factor 6 1.972 1.029 2.040 1.92 • 1.98 • 
" data subjected to loge transformatIOn 
• = significantly different values (p<0.05) 
values in brackets indicate where a two tailed test has been applied 
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BARTLETTS 
X2 Test dr.2 
9.21 + 
8.64 + 
5.41 
12.22 + 
11.57 + 
14.64 + 
12.21 + 
11.12 + 
5.21 
4.64 
3,45 
8.21 + 
9.32 + 
4.12 
3.06 
3.91 
2.64 
HI 
9.9.6 • 
5.42 
4.60 
3.15 
9.11 • 
211 I 
5.60 , 
5.21 I 
4.63 
2.11 , 
6.42 
4.11 
3.62 
3.95 
9.11 I 
.. ;." 
I I I Morphological Trait 
I I I 
I Stature 
I Sitting Height 
I Weight 
I Biacromial Diameter 
IBicond diam. of humerus 
IBicond diam. of femur 
I Bi-iliac diameter 
I Head circumference 
IUpper arm circum. • 
IThigh circumference • 
ICalf circumference • 
I Wrist circumference 
...... ; .. 
I 
IAnkle circumference 
Triceps Skinfqld • 
IBiceps Skinfold • 
I Subscapular skiofold 
I 
.. 
15uPrailiac skiofold • 
Calf skiofold • 
Pattern Intensity 
I 
ITotal Ridge Count 
I 
IEndo Somatotype 
IMeso Somatotype 
I 
IECto Somatotype 
........ ':;'-,: I Sum of 4 skinfolds • 
1% Body fat • 
1 Absolute body fat • 
I 
IFat free mass • 
IFactor I 
IFactor 2 
IFactor 3 
I 
IFacior 4 
I Factor 5 
IFactor 6 
I 
Ta.ble 19: Testing difference in va.f"ia.nce of morphologica.l tn.its 
between the AP genotypes in the English Ca.ucasia.n M&le Popuhuion 
I 
S2AA I S~ AB S2 BB F-ratio F-ratio S2 BB S2 BC F-ratio (0 ·~8) (n=115 ) m=12S) AA/AB BB/AB (0-128) (0=2'i) BB/BC 
5524.71 3045.61 4744.80 1.81- 1.56 ; 4744.83 2877.96 1.65 
1921.57 10&3.40 1651.78 1.81 • 1.55· 1&51.79 1126.69 1.47 
0.022 0.017 0.021 1.29 1.23 0.021 0.011 1.91 • 
605.70 345.39 487.02 1.75 • 1.'11 • 487.02 304.04 1.60 
44.18 25.25 36.84 1.75 • 1A5· 36.84 2{.81 1.'18 
50.77 28.84 43.68 1.76· 1.51 • 43.68 29.19 1.50 
703.13 {12A9 596.79 1.70· 1045· 596.79 {16.10 1.43 
624.44 35756 516.13 1.75 • 1".44· 516.13 325.07 1.58 
0.007 0.006 0.006 1.17 1.00 0.006 0.006 Ll7 
0.012. 0.011 0.012 1.09 1.09 0.012 0.011 1.09 
0.009 0.006 0.007 DO· 1.17 0.007 0.006 Ll7 
240.29 145M 204.97 1.65· 1.40· 204.97 H6.09 lAO 
430.66 244.79 {19A7 1.76 1.71 {19A7 256.84 1.63 
O.l{9 0.153 0.136 0.97 0.89 0.136 0.067 2.02 • ( 1.03) 0.12) 
0.17& 0.18& 0.176 0.95 0.95 0.176 0.094 1.87 • 
0.0::; ) (1.05 ) 
0.151 0.153 0.133 0.99 0.87 0.133 0.088 1.51 (1.0ll (1.15) 
0.145 0.162 0.149 0.89 0.92 0.149 0.096 1.55 (1.12) ( 1.09) 
0.151 0.141 0.142 i.07 1.01 0.142 0.097 1.46 
6.57 4.80 4.77 1.37 0.99 4.77 2.74 1.74 (1.0ll 
285.89 223.61 237.63 1.28 1.06 237.&3 217.55 1.09 
0.92 1.916 1.042 1.84 1.%5 2.087 1.916 0.94 ( 1.06) ( 1.09) I 
1.383 1.037 0.993 1.33 0.96 0.993 1.162 0.85 ( 1.04) ( 1.17) 
> 1.301 I 0.605 1.571 2.15 • 2.60· 1.571 1.320 Ll9 
0.153 0.139 1.05 0.91 0.139 0.128 1.08 0.161 . 
'1'31 
(1.10) 
0.096 0.092 1.07 0.96 0.092 0.072 1.28 ( 1.04) 
0.245 0.144 0231 1.70· 1.60· 0.231 O.Hl 1.64 • 
0.013 1 0.012 0.015 1.08 1.25 0.015 0.008 1.87 • 
1.327 1.287 . 1.770 1.02 1.37· 1.770 0.994 1.78 • 
2.3&0 I 1.081 1.787 2.18 • 1.65 • 1.7S7 1.327 1.35 
1.290 i 0.997 1.229 1.29 1.23 1.229 1.112 1.10 
I , , 
0.%3 Ll5 1.132 1.022 Ll04 1.11 1.081. 1.104 
1.500 0.721 1.231 2.08· 1.71 • 1.231 0.749 1.64 
1.264 0.916 1.182 1.38 1.29 . 1.182 0951 1.24 
i I 
W tail t was a . values 10 brackets 1ndlcate where the toed tes pp lied 
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r 52 AA !! I S2 AB/BC IF-ratio 
• 
52 AC F-ratio 52 BB 52 AA 52AC/BC F-ratio F-ratio S2 BB S2AA 52 AB/AC F-ratio F-ratio I1 52 BB S2AA F-ratio BARTLETTS 
I (n=38) (n=1 5) AAIAC (n=28) (0 -38) (n=40) B/AClBC AlAC/BC (N·128) (N=38 ) (N=133) BB/AB/AC AA/AB/AC (N=128) I (N=18 ) (N=143) !BB/AB/BC AA/AB/BC . 12 Test dt.2 
I 5524.71 I I 1518.33 3.64 - 4744.83 5524.71 2496.22 1.90 • 2.21- 4744.83 5524.71 2929.64 1.62 • 1.88 - I 4744.83 552471 2995.84 1,53 • 1.84 - 8.21 , + 
921.57 56303 3.41 
-
1651.79 1921.57 %0.14 1.72 • 2.00· 1651.79 1921.37 1031.33 1.60 • 1.86 • I 165179 1921.37 1066.65 1.55 • 1.80 • 9.11 + 
0.022 0.008 2.75 
-
0.021 0.022 0.010 2.10 
-
2.20· 0.021 0.022 0.016 1.31 1.37 I 0.021 0.022 0.016 1.31 1.37 3.16 
605.70 208.05 2.91 • 487.02 605.70 288.96 1.68 + 2.09- 487.02 605.70 338.59· 1.44 • 1.79 • I 487.02 605.70 336.00 lA5 • 1.80 • 6.31 + 
441.18 15.11 2.92 • 36.84 44.18 21.79 1.69 • 2.02· 36.84 44.18 24.61 1.49 - 1.79 • I 36.84 44.18 25.02 lA7 • 1.76 • 6.12 + 
50.77 15.71 3.23 + 43.68 50.77 25.38 1.72 • 2.00· 43.68 50.77 28.21 1.55 - 1.80 • I 43.68 5077 28.72 1.52 • 1.77 • 7.23 • 
703.13 23123 3.04 • 596.79 703.13 366.98 1.63 • 1.91· 596.79 703.13 401.84 1.48 • J.7S • I 596.79 703.13 oW 1.20 lA5 • 1.71 • 6.10( 
62'144 193.92 3.22 516.13 62444 291.63 1.77 2.14 • • • • 516.13 624.44 344.54 150 • 1.81 • 
1 
516.13 624,44 344.89 lA7 • 1.78 • 5.99 
0.007 0.003 2.33 - 0.006 0.007 0.006 1.00 1.17 0.006 0.007 0.006 1.00 1.17 0.006 0.007 0.006 1.00 1.17 3.21 I 0.012 0.008 1.50 0.012 0.012 0.011 1.09 1.09 0.012 0.012 0.011 1.09 1.09 0.012 0.012 0011 1.09 1.09 0.94 I 
r . 
1 
0.009 0.004 2.25 • 0.007 0.009 0.006 1.17 1.50 0.007 0.009 0.006 1.17 1.50 • 0.007 0.009 , 0.006 1.17 1.50 • 5.42 
24029 59.95 4.00 • 204.97 240.29 122.77 1.67 • 1.96. 204.97 240.29 140.58 1.46 • 1.71 • 204.97 '240.29 144.86 1.41 • 1.66 • 5.71 
1 1 430.66 1067.35 0.40 • 419.47 430.66 61222 0.68 0.70 419.47 430.66 362.75 1.16 1.19 419.47 430.66 245.19 1.71 • 1.76 •. 6.22 (2.48) (JA6) ( l.4.2) 
1 0.149 0.163 0.91 0.136 0.149 0.103 1.32 1.45 0.136 0.149 0.156 0.87 095 0.136 0.149 0.138 0.98 1.08 2.17 ( 1.09) (1.15 ) ( 1.04) ( 1.02) 
0.176 0.164 1.07 0.176 0.176 0.119 1.48 1.48 0.176 . 0.176 0.1S4 0.96 0.96 0.176 0.176 0.170 1.03 1.03 1.62 (I.D4.) ( 1.04) 
0.151 0.140 1.08 0.133 0.151 0.105 1.27 1.44 0.133 0.151 . 0.152 0.87 0.99 0.133 0.151 0.142 0.94 1.06 1.70( ( 1.14) (1.01 ) ( 1.06) 
0.145 0.164 0.88 0.149 O.l{5 0.121 1.23 1.20 0.149 0.145 0.164 0.91 0.84 0.1 49 0.145 0.150 0.99 0.97 0.89 (1.13) (1.10) ( 1.13) ( LOll (I.D3) 
0.151 O.lOW 1.08 0.142 0.151 0.112 1.27 1.35 0.142 0.151 0.140 1.01 1.08 0.142 0.151 0.132 1.07 1.14 0.76 
6.57 HI 1.49 4.77 6.57 H6 1.38 1.89. 4.77 6.57 4.76 1.00 1.38 4.77 6.57 4,42 1.08 1.49 • 1.31 
I 
285.89 190.94 1.49 237.63 288.89 208.53 1.14 1.37 237.63 285.89 221.57 1.07 1.29 237.63 285.89 221.05 1.07 1.29 1.12 
1.965 2270 0.86 1.916 1.065 1.487 1.29 1.32 1.916 1.965 2.110 0.91 0.93 1.916 1.965 1.899 1.00 1.03 
(1.15) (1.10) (107) 1.01 
1.383 0.773 1.79 0.993 1.383 1.165 0.85 1.19 0.993 1.383 1.061 0.93 1.30 0.993 1.383 1.051 0.95 1.31 (1.15) (1.07) (I 05) 0.96 
1.301 0.314 4.19 • 1.571 1.301 0.967 1.62 • 1.34 1.571 1.301 0.570 2.76 • 2.28 • 1.571 1.301 0.764 2.05 • 1.70 • 6.33 • 
0.161 0.151 1.07 0.139 0.161 0.138 1.00 1.17 0.139 0.161 0.154 0.90 1.04 0.139 0.161 0.147 0.95 1.09 
( 1.10) ( 1.05) 1.07 
0.103 0.061 1.69 0.092 0.103 0.067 1.49 1.53 0.092 0.103 0.092 1.00 1.12 0.092 0.103 0.091 1.01 1.13 1.92 
0.245 0.094 2.61 
-
0.231 0.245 0.124 1.86 • 1.97- 0.231 0.245 0 .. 141 1.64 - 1.74 • 0.231 0.245 0.143 I.GI • 1.71 • 8.60( • 
0.013 0.006 2.17 0.015 0.013 0.008 1.87 • 1.62 0.015 0.013 0.012 1.25 1.08 0015 0.013 0.012 1.25 1.08 
I 2.11 1.320 1294 1.02 1.770 1.320 1.246 1.42 1.05 1.770 1.320 1.294 1.37 • 1.02 1.770 1.320 1.142 1.55 • 1.15 3.21 
2.360 0.487 4.84 • 1.786 2.360 0.933 1.91 • 2.53' 1.787 2,360 0.993 1.78 - 2.38 • 1.787 2.3&0 1.l13 1.60 - 2.12 • 
1.290 0.623 2.07 1.229 1.290 1.104 1.11 1.17 
11 
1.229 1.290 0.856 1.43 • 1.51 • 1.229 1.290 0.931 1.32 1.38 6.0(1 • 3.15 
1.132 1.031 1.10 1.104 1.132 1.021 1.08 1.11 I 1.104 1.132 1.098 1.00 1.03 1.104 1.132 0.998 1.01 1.13 2.11 
I 
1.500 1.321 1.13 1.231 1500 0.547 2.25 • 2.74 1.231 1.500 0.667 1.84 • 2.25 • 1.231 1.500 0.724 1.70 • 2.07 • 
1.264 0.513 2.46 • 1.182 1.264 0.833 1.42 1.52 1.182 1.264 0.984 1.20 1.28 1.182 1.264 1.101 0.91 1.15 5.86 
(J 0') 2.11 
+ Data subjected to log e transformation - • significantly differeot values (p < 0.05) (ACP-l geootype CC was not included in analysis due to low numbers) 
Table 20: Testing difference in variance of morphological traits 
between the genotypes at the MM Blood Group Locus in the English 
Caucasian Male Population 
(n c 293) 
S2MM 
(N= 86) 
S2 MN 
(N=143) 
F-ratio 
MM/MN 
F -ratio BARTLETTS' 
NN/MNLx2 Test df.2 
Stature 
I Sitting Height 
IWeight 
I
Biacromial Diameter 
Bicond diam humerus 
I
Bicond diam femur 
Bi-iliac diameter 
I Head circumference 
IUpper arm circum 
IThigh circumference 
I 
I Calf circumference 
I Wrist circumference 
I Ankle circumference 
ITriceps Skinfold 
I 
I Biceps Skinfold 
I 
Subscapular skinfold 
Suprailiac skinfold 
Calf skinfold 
Pattern Intensity 
Total ridge count 
Endo somatotype 
Meso somatotype 
Ecto somatotype 
Sum of 4 skin folds 
I "1. Body fat 
Absolute body fat 
Fat free mass 
Factor 1 
IFactor 2 
IFactor 3 
IFactor 4 
I 
j
lFactor 5 
Factor 6 
" 
" 
" 
.. 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
5025.64 
1732.49 
0.022 
504.84 
38.13 
45.35 
617.07 
527.92 
0.007 
0.013 
0.007 
212.82 
444.40 
0.161 
0.208 
0.171 
0.173 
0.165 
3045.90 
1119.28 
0.016 
354.84 
25.73 
30.48 
418.92 
362.73 
0.006 
0.011 
0.006 
146.62 
252.09 
0.147 
0.167 
0.135 
0.148 
0.130 
4413.93 
1489.54 
0.020 
462.50 
35.47 
40.39 
5n.31 
492.51 
0.006 
0.010 
0.006 
196.17 
617.48 
0.123 
0.159 
0.129 
0.139 
0.118 
4.22 4.87 5.70 
198.97 265.53 216.15 
2.247 1.907 1.950 
1.035 1.021 1.015 
1.187 1.152 0.911 
0.168 
0141 
0.249 
0015 
1.602 
1.692 
1.298 
0.979 
1.196 
1.229 
0.147 
0.078 
0.193 
0.010 
1.511 
1.209 
0.898 
1.107 
0.783 
0913 
0.134 
0.069 
0.130 
0.016 
1.480 
1.790 
1.157 
1.275 
1.173 
1.044 
" data subjected to loge transformatIOn 
- = significantly different values (p,O.05) 
1.65-
1.55-
1.37-
1.42+ 
1.48+ 
1.49+ 
1.47+ 
1.45-
1.17 
1.18 
1.17 
1.45 
1.76 
1.09 
1.24 
1.27 
1.17 
1.27 
0.86 
0.15) 
0.75 
(1.33 ) 
1.18 
1.01 
1.03 
1.14 
1.81-
1.29 
1.50-
1.06 
1.39-
1.«-
0.88 
0.13) 
1.53-
1.3";+ 
values in brackets indicate where two tailed test was applied 
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1.45 -
1.33 
1.25 
1.30 I 
1.38 -
1.32 
1.38 - . 
1.36 
1.00 I 
0.91 
( 1.09) 
1.00 ' 
1.34 
2.45 -
0.84 
(1.19) 
0.95 
(1.05 ) 
0.95 
(1.05 ) 
0.94 I 
(1.06) I 
0.91 I 
(1.09) , 
1.17 
0.81 I 
( 1.23) 
1.02 I 
0.99 
(1.01) 
0.79 , 
(1.26) : 
0.91 , 
(1.09) i 
0.88 , 
(1.13) I 
0.67 - i 
(1.48) 
1.60 
0.98 
( 1.02) 
1.48-
1.29 
1.15 
1.49 + 
1.14 
8.46 + 
6.21 + 
4.01 
3.62 
3.94 
4.26 
3.91 
3.00 
0.96 
1.26 
1.74 
2.04 
9.21 + 
0.43 
1.21 
1.63 
1.72 
1.6' 
2.46 
3.02 
0.94 
0.06 
2.31 
3.14 
822 + 
5.97 
6.23 + 
1.26 
4.31 
4.75 
2.12 
6.62 + 
2.15 
The coefficient of variation (CV) of the morphological traits for 
homozygote and heterozygote classes were compared at each of the 4 loci. 
Table 21 shows the results of this test with 89 out of the 108 
heterozygote values being lower than their respective homozygote values, 
hence heterozygotes show lower morphological variability. At the EsD 
locus, 22 out of 27 values showed lower heterozygote values and, in the 
case of AP, PGM-l and MN, 23127, 24127 and 20127 respectively. The 
sum of the coefficient of variation (r.CV) and the mean coefficient of 
variation (CV) were calculated for each biochemical loci. Four of the 
measurements, namely: sum of four skinfolds, percentage body fat, 
absolute body fat and fat free mass, had their ITV and CV calculated 
separately because these four traits were calculated using some of the 
values of the other traits. However, in all cases the CV of the 
morphological traits for heterozygous classes was lower than that for 
homozygous classes at each locus. 
I I I 
Table 21: Coefficient of Variation (CV) of morphological traits for lIomozygote ~nd lIeterozygote classes for the I ... :i 
studied in the Endish Caucasian ~ale ~o~ulallon 
--
EsD AP PGM-I MN 
MOl'llhological Tmi (n =325) (n = 325) (n = 3251 (n = 29~\) 
homo hetero homo hetero homo hetero homo hetel'o 
(n = 258) ( n ·67) (n = 167) (n.158) (n =203) (n = 122) (n -156) (n=113) 
Stature 433 2.91 454 3.51 4.56 3.12 4.47 359 
Sitting height 341 241 2.80 3.57 357 256 348 2.91 
Weight • 337 245 3.45 2.92 338 2.89 341 2.98 
Biacl'nmial diamele 5.13 347 5.33 4.27 535 3.78 5.19 441 
Ricond diam. hum 4.91 7.11 7.38 5.91 533 7.43 7.24 605 
Ricond diam femur 633 4.40 6.60 5.22 663 4.69 6.43 'H3 
Bi-i1iac diameter 8.36 5.89 8.67 7.00 8.72 635 852 71) 
Head circum 386 2.64 4.02 3.19 4.01 2.90 392 330 
Upper arm circ • 2.74 252 275 2.65 275 2.59 2.71 2.61 
Thigh circ • 2.73 2.41 2.71 2.62 2.77 247 2.68 259 
Calf circ • 2.28 228 237 2.18 232 2.18 225 2.26 
Wrist circum 9.62 6.92 9.93 8.16 10.00 749 9.76 832 
Ankle circum 8.65 5.38 7.70 8.38 9.19 5.79 9.37 655 
Triceps skinfold • 17.95 1649 1758 17.81 18.24 16.66 17.89 17.78 
Biceps skin fold • 28.59 24.08 2801 27.53 29.10 2538 28.73 2738 
Subscapular skI" • 1571 1296 1509 15.35 1574 14.24 16.02 1498 
$uprailiac skf * 1541 1309 14.95 14.98 1),)5 1380 1537 14.90 
Calf skinfold • 19.54 17.20 1933 18.81 20.02 17.30 19.61 1855 
Paltern intensity 14.78 13.84 14.95 14.16 14.80 11.18 1146 1493 
Total ridl<:e count 11.49 10.05 11.61 10.88 12.32 984 1045 11.98 
Endomorphic somat 40.13 3477 38.95 3933 41.26 35.38 4058 39.07 
Mesnmnrph ic soma 2502 2560 2552 24.77 26.06 2301 24.98 2464 
Ectomorphic somat 41.42 28.41 44.21 31.72 28.89 4365 39.81 3791 
-
f.cv 295.76 24.7.28 298.4.5 27-4.92 290.56 267.68 297.33 280.37 
CV 12.86 10.75 12.98 11.95 12.63 11.64. 12.93 12.19 
~;m of -I skI's • 11).86 8.95 10.42 IOS8 1095 964 10.87 105 I 
% Body fat • 11.27 9.14 11.11 10.72 11.63 9.60 11.89 10 11 
Absolute body fat * 17.84 16.06 19.36 1530 IS73 15.38 17.74 17.% 
fat free milSS • 2.95 2.06 296 259 2.9-1 252 3.02 2.1') 
f.cv 42.95 36.21 43.85 39.19 4.4.25 37.14 43.52 40.97 
cv 10.73 9.05 10.96 9.80 11.06 9.28 10.88 10.24 
• data suh,ected III log e transformatIOn 
I 12 
: 
i 
I 
i 
I 
I 
The coefficient of variation (CV) of the morphological traits at the EsD, 
PGM-I, MN and AP loci in the English male population are shown in 
Tables 22-23. The genotypes were separated to study whether there 
were any differences in the mean coefficient of variation CV for the 
morphological traits when comparing separated homozygous genotypes 
with the heterozygous genotypes. The CV for the sum of four skinfolds, 
percentage body fat, absolute body fat and fat free mass was calculated 
separately. At the EsD locus there are only 4 individuals of genotype 22, 
out of a total number of 258 homozygotes. So, in effect, to separate the 
homozygous genotype or pool them together is the same. However, both 
the EsD homozygous genotypes II and 22 have CV values for the 
morphological traits larger than those observed at the heterozygous 
genotype 21. Low numbers of genotype 22 (n = 11) were also noted at 
the PGM-1 locus but, again, both the homozygous genotypes have larger 
CV values for the morphological traits than the heterozygotes. 
At the MN blood group locus, there were sufficient numbers of both the 
homozygous genotypes MM and NN when separated (MM, n = 86: NN, n 
- 64). The CV of the morphological trait at the genotype MM are larger 
than that noted at the heterozygous genotype MN. However, the CV for 
the traits at the NN genotype are almost identical to those at the MN 
genotype. This is the first indication of there being no difference in the 
coefficient of variation between the homozygous and heterozygous 
classes. The CV values for the calculated body fat traits have a slightly 
lower CV value in homozygotes than heterozygotes. A possible indication 
that at this MN blood group locus additive allelic effects could explain the 
inverse relationship between morphological variance and heterozygosity. 
At the AP locus (Table 23) in all the cases the CV for the morphological 
traits at the homozygous genotypes was larger than that of the 
heterozygous genotypes. So there is no indication of genotype pooling 
having an effect at this locus. 
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Table 22: Coefficienl or varialion (CV) or lhe morphologicallraits allhe EsD. PGM-I and MN Loci in lhe 
English Caucasian Male populalion 
EsD n = 325 PGM-I n - 325 MN n =293 
Morphological traits 11 21 22 11 21 22 MM MN NN 
n=254 n-67 n=4 n=192 n=122 n=11 n=86 n=143 n=64 
Stature 4.29 2.90 597 4.53 3.12 4.96 461 3,59 4,29 
Silting height 3.39 2,41 4,77 355 2,55 383 3.61 2,91 333 
Weight * 3.35 2,45 4.15 3.39 2.89 2,84 3049 2.98 3.32 
Biacromial diameter 507 3047 7.51 5.29 3.78 6.27 5.31 4.41 503 
Bicondylar diameter of humel"Us 7.04 7.11 10.16 7.34 7.43 8.67 7,40 605 705 
Bicondylar diameter of femur 6.26 4.40 9.39 6.56 4.69 775 6.63 5,43 6.19 
Bi-i1iac diameter 8.28 5.89 12.35 8.63 6.35 10,04 8.71 7.15 831 
Head circumference 381 2.64 558 3.98 2.90 455 3.99 330 383 
Upper arm circumference * 273 2.52 3.73 2.73 2.59 306 2.77 2,61 2,62 
Thigh circumference * 2.72 2,41 3.78 2.75 2,47 3,24 2.82 2.59 2,48 
Calf circumference * 2.27 2.28 3.02 2.31 2.18 258 2.33 2,26 213 
Wrist circumference 955 6.92 13.85 9.90 7.49 11,42 9.99 8.32 9,49 
Ankle circumference 8.61 5.38 11.03 9.19 5,79 905 8.73 6.55 10.23 
Triceps skinfold * 17.86 16,49 15.80 18.24 16,65 15.91 19.12 17.78 1610 
Biceps skin fold * 28.41 24.08 38.51 29.16 2538 26.66 3090 27.38 2579 
Subscapular skin fold • 15.64 12.96 16045 15,88 1424 11.12 17.14 14.98 14.42 
Suprailiac skinfold • 15,40 1309 14.89 15,60 13.80 12.16 16.24 14.90 1405 
Calf skin fold • 1938 17,20 31.38 19.92 17,30 21.12 21.30 18.55 17.01 
Pattern intensity 14,78 1384 15.23 15.09 14.18 9,42 13.40 14.93 1589 
Total ridge count 1134 1005 785 12.20 9.85 8.39 10.19 11.98 10.82 
Endomorphic somatotype 39.95 34.77 3606 41.28 35.38 29.98 4254 3907 38.21 
Mesomorph ic somatotype 2505 25.60 36.77 26.02 23.01 26.97 25.70 24.64 23.65 
Ectomorphic somatotype 41.43 28,41 38,49 43.58 43.65 44.95 42.98 37.94 35.68 
I:cv 296.61 247.27 346.72 307.12 267.68 284.95 309.90 280.37 279.97 
CV 12.90 10.75 15.07 13.35 11.64 12.39 13.47 12.19 12.17 
Sum of 4 skinfo1l1s • 1083 8.95 10.30 1103 9.64 8.06 1145 1051 9.89 
'7. Body fat " 11.24 9.14 12.16 11,55 9.60 11,69 13.51 10,11 9.40 
Absolute bodY,fat • 1773 16.06 22.27 18.62 15.38 16,90 19,84 17,86 14.49 
Fat free mass " 2.94 2.06 300 2.95 252 263 3.01 250 305 
Y.cv 42.74 36.21 47.73 44.15 37.14 39.28 47.41 40.98 36.83 
CV 10.68 9.05 11.93 11.04 9.28 9.82 11.95 10.24 9.21 
"Data subjected to loge transformatIOn 
I 14 
Table 23: Coefficient of variation (CV) of the morphological traits at the All locus in the English While Caucasian Male 
.. --.-----.. - ~_ID!lation ----c::-=-----------. I A P n = 325 
I ~,lorJ)h()!f!.,gjca'_ trait I Sla III re ~--
/ Sitting height 
/lVeight 
llIiacromial diameter 
Oliennd "iam humerus 
filieond dialll femu!' 
IllIi-iliac diam 
I Olcad cire 
I nIpper arm <:it·c 
I I'high circ 
/ Calf calf 
I IV 1"ist circ 
/ ,\ n kle circ 
I I'riceps skin fold 
I Hliceps skinfold 
I lubscap skin fold 
I lupl'ailiac skinfold 
I Calf skin fold 
I \Pattern inlensity 
I I'utal ridge counl 
I (ndosomatotype 
I Hesu somatotype 
I kto somatoty pt: 
I ~ CV 
I cv 
I Sum 4 skinfolds 
I \; Hody fat 
I ,\ hso1u te body fat 
I fat free mass 
I L CV 
I~~----__ --------
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" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
" 
AA N=~8 __ 
4.84 
380 
353 
585 
7.'-)7 
705 
933 
434 
285 
2.76 
2.72 
10.60 
8.52 
1885 
29.24 
16.16 
1513 
20.26 
17.05 
11.78 
41.46 
29.97 
4032 
314.38 
13.67 
11.16 
11.88 
2053 
2.81 
46.38 
11.59 
AB N=118 
.58 3 
2 
3 
4 
5 
5 
7 
3 
2 
2 
2 
8 
6 
18 
28 
15 
15 
I' 
14 
1 
39 
2 
3U 
83 
.01 
34 
.97 
.25 
.07 
.27 
.66 
.61 
.17 
.27 
43 
.26 
.52 
.80 
32 
)31 
75 
104 
.60 
395 
-.19 
27 4.20 
.92 
)66 
11 
11 
I 
15 
2 
39 
107 
31 
.70 
.74 
9 .93 
BB N=128 BB N=128 
445 445 
347 347 
342 3.42 
5.17 5.17 
7.21 7.21 
645 645 
847 8.47 
393 3.93 
2.74 2.74 
2.72 2.72 
2.26 2.26 
9.73 9.73 
8.37 8.37 
17.25 17.25 
27.76 27.76 
14.84 14.84 
14.90 14.90 
19.18 19.18 
1438 14.38 
11.40 11.40 
38.90 3890 
24.29 24.29 
45.64 45.64 
296.93 296.93 
12.91 12.91 
10.27 10.27 
10.89 10.89 
1907 19.07 
2.99 2.99 
43.22 43.22 
10.80 10.80 
• Data subJected (0 loge transformatIOn 
BC N=25 AA N=38 
347 4.84 
2.91 3.80 
2.50 353 
4.07 5.85 
595 7.97 
531 7.05 
7.09 9.33 
312 434 
259 285 
256 2.76 
2.18 2.72 
8.28 10.60 
6.61 852 
1248 1885 
20.&7 29.24 
12.29 16.16 
12.02 15.13 
15.87 20.26 
1138 1705 
10.84 11.78 
26.16 4146 
2502 29.97 
3680 4032 
243.37 314.38 
10.58 13.67 
9.81 11.16 
9.74 11.88 
1555 2053 
2.21 2.81 
37.31 46.38 
9.33 11.59 
AC N=15 
-
259 
2.11 
2.19 
3.49 
483 
4.06 
5.61 
244 
2.09 
223 
1.89 
557 I 
15.09 
20.63 
2'-).24 
1595 
16.38 
20.07 
1340 
9.70 
48.05 
2540 
20.76 
273.77 
11.90 
11.10 
9.15 
1340 
192 
35.57 
8.89 
~1orphulo&icallra il 
Stature 
Silting heighl 
Weight 
lIiacI'umial "iamele 
!lieu "iam humenl 
lIicond diam fenHII 
rli-iliac t1iam 
s 
. 
I It.: a " .:i 1"\: 
Upper ann cire 
Thigh circ 
Calf calf 
Wrist cil'c 
Ankle cif'c 
Triceps skinfold 
Biceps skin fold 
SlIbseap skin fold 
SlIprailiac skinfol 
Calf skinf!)ld 
Pallel'n inlensity 
Total ridge count 
Endosomalotype 
Meso somatotype 
[cto somatotype 
}: CV 
CV 
Sum 4 skin folds 
% Body fal 
i\bsnlute bu")' fal 
Fat fl'cc mass 
}: CV 
cv 
d 
r 
• 
• 
" 
" 
" 
• 
" 
" 
• 
• 
• 
• 
• 
AB n=1I8 AA n=38 
358 4.84 
2.83 3.8i1 
3.01 353 
4.34 585 
5.97 7.97 
5.25 705 
7.07 933 
327 434 
2.66 285 
2.61 2.76 
2.17 2.72 
8.27 10.6U 
6.42 852 
18.26 1885 
2852 29.24 
1).80 16.16 
1532 15.13 
1931 20.26 
1475 17.05 
11.04 11.78 
39.60 41.46 
23.95 . 29.97 
30.19 4032 
274.20 314.38 
11.92 13.67 
10.66 11.16 
11.07 11.88 
1531 2053 
2.70 2.81 
39.74 46.38 
9.93 11.59 
AC/BC n=40 BB n=128 AA 11=38 
3.27 4.45 4.84 
2.71 3.47 3.80 
2.42 3.42 3.53 
4.02 5.17 5.85 
565 7.21 7.97 
503 645 7.05 
6.81 8,47 9.33 
2.97 3.93 4.34 
259 2.74 285 
258 2.72 2.76 
2.20 2.26 2.72 
773 9.73 10.60 
1063 8.37 8.52 
15.81 17.25 18.85 
23.94 27.76 29.24 
13.60 14 .8'1 16.16 
1369 14.90 15.13 
17.40 19.18 20.26 
12.42 14.38 1705 
10.42 11 .40 11 .78 
36.27 38.90 41.46 
27.05 24.29 29.97 
3318 4564 40.32 
262.39 296.93 314.38 
llAI 12.91 13.67 
10.32 10.27 11.16 
9.47 10.89 11.88 
1487 1907 2053 
2.\6 2.99 2.8\ 
36.82 43.22 46.38 
9.20 10.80 11.')9 
-----.. ---- ---_._.----_._-- ----_._---_. 
"Data sublected to loge tl'ansformatlOn 
1 1 (, 
ABI ACn-133 AA 11=38 
352 4.84 
2.79 3.80 
2.99 353 
4.13 585 
593 7.97 
522 705 
7.02 933 
321 4.34 
2.66 285 
2.64 2.76 
2.19 2.72 
8.16 10.60 
7.92 8.52 
18.63 18.85 
2863 29.24 
15.86 16.16 
1550 15.13 
19.37 20.26 
14.62 1705 
1093 11.78 
40.52 41.46 
24.78 29.97 
29.18 40.32 
276.26 314.38 
12.01 13.67 
10.75 11.16 
10.91 11.88 
1529 2053 
2.66 2.81 
39.61 46.38 
9.90 11.59 
---.--
I 
I 
_!lB n=!1L~13/I3C!!:..L'il. 
4.45 355 
3.47 2.83 
3.42 2.<)4 
5.17 4.28 
7.21 5.95 
6.45 525 
9.47 71"15 
393 323 
2.74 264 
272 259 
2.26 2.16 
973 8.24 
8.37 643 
17.25 17.43 
27.76 27.35 
14.84 1526 
14.90 14 .SI) 
19.18 18.70 
1438 14.22 
11.40 10.97 
3890 38 04 
24.29 24.Cl6 
45.64 32.73 
296.93 270.70 
12.91 11.77 
10.27 
10.')1 
1').07 
2.99 
43.22 
10.80 
10,49 
10.84 
1533 
2.62 
39.28 
9.112 
Table 24 shows the results of the variance (52) and coefficient of variance 
(CV) of mUlti-loci heterozygosity for 27 morphological traits in the English 
population. Each individual was assigned a heterozygosity score ranging 
from 0 (all 4 loci homozygous) to 4 (all 4 loci heterozygous) making a 
total of 5 categories. The number of individuals in each category 
progressively decreased from n = 83 (all loci homozygous) to n = 29 (all 
loci heterozygous). For each morphological trait the 52 and CV was 
calculated. The mean variance (52) and the mean coefficient of variation 
(CV) was also calculated for all the morphological traits. However the 
sum of four skinfolds, percentage body fat, absolute body fat and fat 
free mass were totalled separately and their 52 and CV calculated 
separately. A progressive decrease in 52 and CV is noted at all the 
morphological traits as the number of heterozygous loci increase. 
The regression values and their associated probability values are also 
shown in Table 24. Many of the traits show a high r value strongly 
indicating that there is an inverse relationship between morphological 
variance and heterozygosity. 
Figures 32-34 show regression graphs of variance against the number of 
heterozygous loci for each of the 6 factors derived from factor analysis, 
hence, factors representing the morphological traits studied. All 6 
graphs have a negative slope. The R2 values for factors 1 and 2 are 
0.883 and 0.991 respectively. Factors 3 and 4 have smaller R2 values of 
0.315 and 0.343 respectively and finally factors 5 and 6 have high R2 
values of 0.897 and 0.865 respectively. There is no reason why factor 3 
and 4 should have smaller R2 values as the genetic markers studied are 
not directly linked to one or other of the morphological traits and hence 
also the factors. The conclusion that can be drawn, however, is that 
there is a negative relationship between variance, coefficient of variation 
and increased heterozygosity. 
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Table 24: The Variance, Coefficient of Variation and Correlation 
Co-efficient of Multi-loci Heterozygosity for 23 Morphological Traits in 
the English Caucasian Male Population 
(N = 293) 
I I MORPHOLOGICAL MULTI-LOCUS HITEROZYGOSITY 
I !RA IT 
I 0 1 2 3 4 r P (N=83) (N=72) (N=58) (N=51l (N=29) 
!5tature 52 471.63 D1l6.03 ~150.80 ~074.65 1613.40 -0.97 0.00 
I CV 4.79 4.65 3.65 2.95 2.60 -0.98 0.00 
I Sitting height S2 902.93 1738.33 1,634.30 205.48 99346 -0.98 0.00 
CV 4.62 430 4.12 3.69 336 -0.99 0.00 
Weight * 52 0.016 0.018 0.013 0.012 0.012 -0.82 0.09 
CV 2.78 2.99 2.85 2.73 2.66 -0.63 0.26 I Biacromial Diam S2 54397 557.84 35575 315.50 254.91 -0.94 0.02 
CV 4.97 5.21 443 398 3.72 -0.93 0.02 
IBicond diam hum S2 31.·404 30.79 18.79 13.89 12.24 -0.95 0.01 
CV 8.46 7.81 6.21 503 4.98 -0.97 om 
Bicond diam fem 52 3341 31.38 20.79 20.10 18.15 -0.94 0.02 
CV 6.47 6.28 5.11 503 473 -0.94 0.02 
Bi -iliac diam 52 455.22 4.35.83 4.06.67 315.47 251.35 -0.% om 
CV 8.21 8.04 7.93 6.59 5.42 -0.92 0.02 
Head circum 52 382.97 382.94 357.06 260.28 198.42 -0.94 0.02 
I CV 343 3.43 3.27 2.78 2.43 -0.94 0.02 
Upper arm circum· 52 0.009 0.008 0.007 0.007 0.007 -0.88 0.05 
CV 2.47 2.04. l.46 1.53 1.'54 -0.86 0.06 
Thigh circum • S2 0.005 0005 0.003 0.003 0.003 -0.87 0.06 
CV 1.31 1.24. 09) 095 0.91 -0.91 003 
I Calf circum ., 52 0.007 0.007 0.006 0.006 0.006 -0.87 0.06 
CV 2.34 2.28 2.19 2.27 2.14 -0.82 0.09 
Wrist circum 52 17305 169.28 167,41 168.49 124..92 -0.76 0.13 
CV 734 7.29 7.24 7.27 6.30 -0.75 0.14 
I Ankle circum 52 242.84 321.72 170.26 113.74 112,41 -0.82 0.09 
CV 752 8.41 6.00 4.91 4..84 -0.88 0.05 
Triceps skin fold ., 52 0.168 0.158 013:) 0.119 0.174. -0.18 0.77 
CV 18.88 18.19 16.97 15.27 20.28 -0.01 0.99 
I Biceps skinfold ., 52 0.204. 0.185 0.167 0.141 0.173 -0.72 0.17 
I CV 3059 28.98 26.49 24.21 28.95 -0.51 0.38 
5ubscap skinfold • 52 0152 0.155 0.150 0.119 0.135 -0.7 0.16 
CV 16.13 16.10 1567 1374 1529 -0.65 023 
5uprail skin fold ., 52 0.170 0.155 0.158 0.121 0.1)7 -0.51 0.37 
CV 16.12 15.28 15.12 1306 15.56 -0,45 0,44 
I Calf skinfold • S2 0.170 0.134 0.134 0.101 0.142 -0.37 0.31 
CV 2139 18.83 17.88 1584 19.74 -0.48 0.41 
I Pattern intensity 52 5.14 5.30 454 4.27 4.85 -0.60 0.28 
I CV 18.42 1955 17.88 17.34 18.46 -0,40 0.49 
ITotal ridge count S2 23391 262.44 267.58 174.61 22765 -0,43 0.47 1 I CV lQ.92 11.60 11.64 9.56 11.04 -0.34 0.58 
IEndo somatotype S2 2.12 2.03 2.12 1.77 1.89 -0.74 015 I I CV 42.60 40.14 4947 3')74 40.31 -0.57 031 
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i Meso somatotype 52 I 109 I 0.886 1 116 1 0.982 i 101 1-0.10 10.S7 1 I CV 26.49 22.92 26.38 22.99 : 24.28 -0.39 0.51 
IEcto somato~ype 5~ 104 I 1.91 I 1.04 I 0.643 0458 1-069 10.20 I ! CV 3941 4959 I 3i03 2<)42 2452 ! -0.82 009 I 
1:::52 I 948166 9057.52 
, 
r67050 
, I i I p559.04 [381602 I? I 1-0.97 (lOO I 412.24 393.80 285.17 120306 I 165.91 
IIeV 30~66 I 30~.15 1 , I 279.94 1246.08 1264.06 
1-0.87 icv 13.29 13.27 12.17 1073 11.48 005 I 
I Sum 4 skinfo1ds • 52 0.167 i 0150 0.163 1 0113 0151 1-0.51 1039 I I CV 1137 10.67 9.10 0.41 I , 10.94 1 1 10'&4 1-048 
I~. Bodv fat • S~ 0.126 0.092 0.087 1 0.064 1 0083 -0.80 
1
010 I I - CV .1282 10.92 10')4 9.04 10.62 -0.7'1 0.16 
, 
52 0.04 I I Absol body fa.t • 0.162 0.147 0.145 0.110 O.OI21-~·9O 
I CV 1596 15.56 1597 13.62 1432 -u.78 0.12 I , 
52 0.009 1 0007\-081 10.10 I !Fat free mass + 0.014 0.019 0.011 
I CV 2.88 3.39 I 256 234 2.02 1-0.83 0.08 I 
1'<"5 0 1 0.469 0.408 0.406 0.2% I 0.2531 I 1- -i_ 
0.0741 00631-0.97 0.01 I ' -. W 0.117 0.102 0.101 j:::CV 43.03 4054 40.01 34.10 I 37.80 
I I I icv 1076 10.13 I 10.00 852 945 i-O.80 0.11 I 
IFactor 1 52 1.341 1.421 1.034 0.957 0.692 -0.94 0.02 I 
I Factor 2 52 1202 1173 1.112 1.061 0.91 -0.96 om I 
IFactor 3 S2 1.043 1.171 1.031 0.802 0.991 -0.56 0.32 I 
!Factor 4 S2 1.384 1.557 1.554 1.363 1.212 -0.59 0.30 I 
IFactor 5 52 1.338 1.444 0.775 0.481 0.281 -0.95 0.01 I 
IFactor 6 52 1100 1.100 0.981 0.953 0942 -093 0.02 I 
IS2 7.'108 7.866 6.'187 5.617 5033 
? 
s" 1235 1.311 1.081 0936 0839 -093 0.02 
• data. subject to loge transformation 
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figure 34 : the Variance ot lIulti-Locus Heterozygosity 
tor factor, :> and 6 
y = -.308x + 1.47~, R-squand: .M7 
1.6 
1.4 
V 
AI2 
R 
I 
A 
.8 
N + 
C .6 
E 
.4 
+ 
2 
0 2 3 4 
HEIEROZTGOUS LOCI 
y = - .046x + 1.1 08, R-squart'd: .865 
1.12 
1.1 
V 
A 1.08 
R 1.06 
I 1.04 
A 1.02 
N 
C 
.98 0 
E 
.96 
0 
.94 0 
.92 
0 2 3 4 
HETEROZTGOUS LOCI 
122 
Borecki, et al (J 985), reported that blood group B teenagers in Bogalusa, 
Los Angeles, were taller than those of groups A and O. An earlier study 
in the Indian army (Mathew, 1959), was cited as support for the premise 
that this association is real and is likely to be present in other adult 
populations. Evidence of any association between ABO or Rhesus 
phenotypes and an increase or decrease in any of the Quantitative 
characters was studied in the English population. Table 25 shows the 
mean scores of the morphological traits for the phenotypes of the ABO 
and rhesus blood group loci in the English population. One way analysis 
of variance was carried out to test for differences in the mean scores at 
27 morphological traits. No indication is given to support the findings of 
Borecki, et aL None of the morphological traits at the ABO or Rhesus 
phenotypes were significantly larger or smaller with respect to one 
another. Tables 26 and 27 show the variance (52) and coefficient of 
variation (CV) of the morphological traits for the phenotypes of the ABO 
blood group loci in the English population. No differences are noted in 52 
or CV between any of the phenotypes at the morphological traits. Hence, 
there is no indication of any relationship between genetic variability at 
the ABO and Rhesus loci and morphological variation. 
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Table 25: To ShOT the mean scores of the morphological tcaits for the phenotypes of the ABO and Rhesus 
blood group loci in the English Caucasian population 
Morphological Taits A B AB 0 F3 P 
n=122 n=25 n-9 n=137 n=292 
Stature 1779.14 1787.16 1793.78 177031 0205 0852 
Sitting height 942.52 943.04 950.33 941.50 0.110 0954 
Weight .. 4.28 4.28 429 4.27 0.048 0.986 
Biacromial diameter 401.231 405.32 404.44 400.90 0.195 0.899 
Bicond diameter humerus 68.49 68.80 69.33 68.28 0.099 0.961 
Bicond diameter femur 96.02 96.16 98.00 95.96 0.160 0923 
Bi- iliac diameter 26993 271.48 275.89 269.63 0.924 0.446 
Head circumference 57742 579.32 58044 57704 0.144 0933 
Upper arm circumference .. 3374 3.365 3405 3380 0.281 0839 
Thigh circumference .. 4011 4.012 4.038 4.015 0.202 0859 
Calf circumference .. 3.592 3596 3617 3599 0.362 0.781 
Wrist circumference 178.67 17848 181.67 179.04 0.103 0958 
Ankle circumference 228.17 228.64 231.67 22839 0.044 0.987 
Triceps skinfold .. 2.101 2.214 2.271 2.120 1.087 0355 
Biceps skinfold .. 1.488 1.538 1.678 1.492 06')3 0581 
Subscapular skinfold .. 2.429 2.520 2.534 2.452 0')49 0.649 
Suprailiac skinfold .. 2583 2.668 2.698 2584 0564 0639 
Calf skinfold .. 1.942 1.980 2.155 1936 1053 0369 
Pattern intensity 11885 12.32 12.56 12.0 0.474 0.701 
Total ridge count 1340') 133.40 13400 13401 0009 0998 
Endomorphic somatotype 352 3.66 4.01 3547 0371 0.774 
Mesomorphic somatotype 4.02 4.02 4.47 4.1) 0.771 0511 
Ectomorphic somatotype 2.70 2.93 2.72 2.67 0'113 0.744 
Sum of 4 skinfo1ds .. 3.63 3.71 3.84 3.61 1372 0.251 
'70 Body fat .. 2.78 2.80 2.91 2.76 0.689 0559 
Total body fat .. 2.48 2.57 2.61 2.46 0.611 0.601 
Fat free mass .. 4.10 4.09 4.09 4.09 0030 0993 
"Data subjected to loge transformatIOn 
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D. D-
n-237 n-56 
1777.69 1784.29 
94143 946.12 
428 4.27 
401.48 401.73 
68.36 68.82 
9592 96.70 
269.57 27237 
577.29 578.38 
3374 339') 
4.011 4023 
3594 3.608 
17857 18037 
227.81 231.05 
213 2.10 
1.50 1.49 
2.46 243 
2.60 255 
1.95 1.96 
1203 11.84 
13356 13575 
360 3.36 
4.05 4.29 
2.67 2.86 
2.78 2.77 
2.48 2.18 
2.48 248 
4.10 4.10 
F3 
n=292 
0.168 
0483 
0.185 
0003 
0.206 
0370 
0.348 
0.123 
1.021 
0573 
137') 
05')5 
0.617 
0.151 
0.071 
0.231 
0.870 
0.059 
0352 
0.619 
1.395 
2.738 
1.429 
0005 
0.003 
0.003 
0.001 
P 
0.6 
0.4 
o (, 
0') 
0.6 
05 
0') 
0.7 
03 
0.4 
0.2 
0.4 
0.4 
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0.7 
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Of> 
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Table 26: Showing the Variance of the Morphological Traits for the Phenotypes of the ABO and Rhesus 
lIIood Group Loci in the English Caucasian Male Population 
--
Morphological A B AB 0 D+ D-
Trait (n=122) (n= 25) (n=9) (11=137) (11=237) (n=56) 
Stature 379330 3268.07 4709.39 4141.29 3715.42 4778.93 
Silting height 998.28 857.47 1206}5 110005 1981.17 2425.46 
Weight .. 0013 0.015 0.014 0.016 0.019 0.019 
Biacromial diameter 28303 20832 271.92 296.43 39521 53790 
Bicondylar diameter of humerus 22.50 18.21 29.12 25.41 25.05 27.87 
Bicondylar diameter of femur 2362 17.49 29.42 26.76 23.40 29.61 
Bi-iliac diameter 33154 267.72 38812 36245 32344 41 1.21 
Head circumference 283.43 21081 352.52 31496 20561 27817 
Upper arm circumference .. 0.009 0.008 0.008 0.009 0.009 0.010 
Thigh circumference .. 0.004 0003 0003 0.004 0.004 0.004 
Calf circumference " 0.004 0.003 0.003 0.004 0.003 0.003 
Wrist circumference 171.91 145.00 21233 186.91 127.23 154.3 
Ankle circumference 230.62 152.72 247.66 30460 261.33 23963 
Triceps skinfold .. 0.130 0.166 0.107 0.153 0.117 0.129 
Biceps skinfold " 0.1 55 0.187 0.153 0.198 0.146 0.125 
Subscapular skinfold " 0.126 0.149 0.164 0.160 0.118 0.129 
Su prailiac skin fold " 0.136 0.165 0.187 0.167 0.1 58 0.138 
Calf skin fold .. 0.132 0.124 0.153 1.145 0.136 0151 
Pattern intensity 4.25 9.56 4.28 4.66 504 4.14 
Total ridge count 161.29 293.37 34750 161.72 18632 131.93 
Endomorphic somatotype 1.715 2432 1.938 2.220 2.D97 1597 
Mesomorphic somatotype 1.0)7 1.397 0838 0954 0.974 1.230 
Ectomorphic somatotype 1.193 1355 1.444 1005 1.072 \.310 
Sum 4 skinfolds .. 0136 0.158 0185 0.160 0.152 0.149 
'7. Body fat .. 0097 0.086 0.082 0094 0.090 0.116 
Absolute body fat " 0.009 0.125 0.008 0.101 0115 0.206 
Fat free mass " 0.012 0.013 0.017 0.014 0.013 0.014 
.. Data sublectto log e transformation 
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Table 27: Showing the Coefficient of Variation of the Morphological Traits for the Phenotypes of the 
ABO and Rhesus Blood Group Loci in the English Caucasian Male Population 
Morphological A B AB 0 D+ D-
Trait (n s I22) (n= 25) (n=9) (n=137) (n=237) (n=56 ) 
Stature 399 369 4.45 4.18 3.96 4.47 
Sittin g height 316 293 3.45 332 378 4.16 
Weight .. 307 321 305 339 258 2.60 
Biacromial diameter 4.84 411 4.71 4.96 4.67 544 
Bicondylar diameter of humerus 653 585 734 6.97 655 723 
Bicondylar diameter of femur 5.85 502 6.39 6.22 583 650 
Bi-iliac diameter 7.79 6.96 825 8.22 770 859 
Head circumference 2.86 2.46 3.17 302 351 4.08 
Upper arm circumference .. 2.02 1.89 1.88 2.00 1.97 2.07 
Thigh circumference .. 1.32 1.23 113 1.35 1.31 1.35 
Calf circumference .. 1.15 1.05 1.01 113 113 1.13 
Wrist circumference 5.99 5.51 655 623 5.95 6.49 
Ankle circumference 7.69 6.24 7.85 883 6.15 5.80 
Triceps skinfold .. 17.14 18.38 14.39 18.46 18.0 I 17.Q3 
Biceps skinfold .. 26.43 28.13 2334 29.79 28.41 26.59 
Subscapular skinfold .. 14.62 1533 1599 16.29 15.67 14.78 
Suprailiac skinfold .. 14.29 1521 1603 1582 1525 14.54 
Calf skin fold .. 18.74 17.81 18.16 19.66 18.94 19.79 
Pattern intensity 13.88 20.08 1318 1439 1493 1374 
Total ridge count 10.71 14.53 15.74 10.74 11.56 958 
Endomorphic somatotype 37.24 42.60 34.79 42.00 40.16 3765 
Mesomorphic somatotype 25.57 29.39 20.49 2356 24.39 2582 
Ectomorphic somatotype 4038 39.75 44.15 3753 3873 40.01 
Sum 4 skinfolds .. 10.15 10.70 11.18 11.06 10.71 10.65 
'}'. Body fat .. 11.21 10.51 9.87 11.12 10.77 12.28 
Absolute body fat .. 17.10 19.49 1579 1825 17.15 20.45 
Fat free mass .. 2.66 275 3.15 2.91 2.78 2.84 
.. Data subject to log e transformatIOn 
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B) RESULTS OF THE GUJARATI INDIAN MALE POPULATION 
(i) Quantitative Measurements 
325 males aged 23-35 years were involved in this part of the study. All 
the subjects were born in the East Midland region and all of their parents 
were born in Gujarat, India, as were their grandparents, hence all the 
subjects regarded their ethnic origin as being from Gujarat, India. The 
physical health of all the subjects involved in this study was good. 
In total. 18 anthropometric measurements were taken from each subject 
which included height, weight, circumferences and skinfold 
measurements. Table 28 shows the anthropometric characters measured 
along with their standard error of measurement (S-meas). It is assumed 
that 95% of the recordings will be within approximately 2 x S-meas of the 
true value. When comparing the S-meas values of the anthropometric 
measurements in this population with that of the English population, one 
notes that the S-meas values in this population are lower for most 
measurements indicating an improved measuring technique as the 
observer error has been reduced. 
Table 29 shows the main statistical parameters of 23 morphological trait 
distributions in the total sample which comprises of 18 anthropometric 
measurements, pattern intensity, total ridge count and three 
somatotypes. For each of the morphological traits, the mean (X), 
standard error (S.E.l, coefficient of variation (C.V.), kurtosis and 
skewness were calculated. Kurtosis and skewness were calculated in 
order to check the 'normality' of the distribution of each morphological 
trait examined. Significant differences (p<O.05) were noted in kurtosis 
and skewness for weight, upper arm, thigh and calf circumferences as 
well as the skinfold measurements. These parameters were loge 
transformed prior to analysis. On comparing this population's 
anthropometric measurement data with those of the English Caucasian 
population, differences are noted between the two populations. A 
general comparison of the two populations indicates the Gujarati Indian 
Caucasian male to be shorter in stature, have a lower body mass and less 
subcutaneous adipose tissue. The differences noted in stature between 
the mean values of the two populations is 14.99 mm, and the mean 
weight of the Gujarati population is lower than the English population by 
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2.54kg All the skinfold measurements in the Gujarati, Indian 
population were also noted as being lower than the English population. 
These differences in the two populations can be attributed to both genetic 
and environmental factors. It was noted that 67.4% of the Gujarati 
Indian population involved in this study were vegetarian compared to 
only 8.1 % in the English population. 85.8% of the Gujaratis involved in 
this study were from the Hindu religion which requires them to be 
vegetarian so this would explain the high number of vegetarians in the 
Gujarati population. So diet could be a possible factor. Malhotra (1966), 
Widdowson and McCance (1975) and Vijayaraghavan (1981) noted from 
their studies that differences in body size were due to differences in 
nutritional status. There is also a difference in socio-economic status. 
82.4 % of Gujarati Indian males were noted as being from social classes 
lII, IV and V which represent skilled occupations - non manual, skilled 
occupations - manual and unskilled occupations, respectively, most of 
the subjects fitting Class IV (43.6%). The English population studied, on 
the other hand, were mainly from social classes II and III (78.9%), the 
vast majority being from social class III (49.5%). Rothhammer and 
Spielman (1972) noted that the influence of socio-economic status on 
adult body dimensions existed in the Aymaras of Chile. Other 
researchers have also noted socio economic status to influence 
anthropometric characters (Oliver and Tisser, 1977; Sutter, Izac and 
Toan, 1958). So there is clearly a difference between the two 
populations in this study, not only in diet but also in their occupational 
status. 
The X pattern intensity for the population was noted as 13.80 which is 
similar to that noted in Hindu populations by Biswas (J 936) (Figure 35). 
The total ridge count also compares well with other researchers (De 
Garay, levine and Carter, 1967). 
The mean somatotype component scores for this population were 3.5, 4.5 
and 3.0 for endomorphic, mesomorphic and ectomorphic respectively. 
These values were plotted on a somatotype chart (Figure 36). The plot of 
the population of the somatotype chart is nearer to the 
mesomorphy lectomorphy section of the chart rather than endomorphy. 
This indicates higher linearity of body segments and more relative 
leanness of this population when compared to the English population. 
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TABLE 28: Standard Error Of Measurement (S-Meas) for 18 
Anthropometric Characters from the Gujarati Indian Male 
Population 
Anthropometric measurement S-meas 
Stature (mm) 2.16 
Sitting height (mm) 1.98 
IWeight (kg) 0.61 
Biacromial diameter (mm) 2.6<4 
Bicondylar diameter of humerus (mm) 1.29 I 
Bicondylar diameter of femur (mm) 1.94 
Bi-iliac diameter (mm) 2.01 
Head circumference (mm) 2.14 
Upper arm circumference (mm) 2.64 
Thigh circumference (mm) 2.86 
Calf circumference (mm) 2.72 
Wrist circumference (mm) 1.86 
Ankle circumference (mm) 2.53 
Triceps skinfold (mm) 0.43 
Biceps skinfold (mm) 0.41 
Subscapular skinfold (mm) 0.81 
Suprailiac skinfold (mm) 0.74 
Calf skin fold (mm) 0.58 
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TABLE Z9: The Main Statistical Parameters of Z3 Morphologic&1 Trait 
Distributions in the Totlll Gujarati. Indian Male Population 
Morphological Trait X SI. CY Kurtosis SkewnEl$ 
Stature (mm) 1765.211. 3.03 HI 0.D30 -0.349 
Sitting Height (mm) 923.72 1.1.87 3.63 -0.037 -0.195 
Weight (kg) 70.101.0.49 11.79 1.152+ 0.814* 
Biacromial Diameter (mm) 400.81..:.0.94 5.22 -0.320 -0.212 
Bicondylar Diameter of Humerus (mm 67.761.0.27 7.38 0.513 0.151 
Bicondylar Diameter of Femur (mm) 95.001.0.28 5.35 0.401 0.121 
Bi-iliac Diameter (mm) 267.781.2.84 12.34 0.016 0.113 
Head Circumference (mm) 571.491. 3.61 3.68 0.481 -0.100 
Upper Arm Circumference (mm) 283.001.1.44 9.08 0.923* 0.729* 
Thigh Circumference (mm) 549.921. 2.72 8.61 1.050* 0.369 
calf Circumference (mm) 361.351.1.94 9.01 0.491 0.590* 
Wrist Circumference (mm) 175.531.0.64 6.43 0.418 0.216 
Ankle Circumference (mm) 223.471.0.81 9.43 0.510 0.203 
Triceps Skinfold (mm) 8.911.0.22 43.69 1.062* 0.646* 
Biceps Skinfold (mm) 4.661. 0.12 4.7.27 0.924+ 0.364+ 
Subscapular Skinfold (mm) 12.291. 0.'10 44.02 0.667* 0.602* 
Supra-iliac Skinfold (mm) 14.96 1.0.35 39.64 -0.642* 0.846* 
Calf Skinfold (mm) 6.831.0.18 35.61 1.120* 1.196* 
Pattern Intensity 13.801.0.11 14.47 -0.056 0.200 
Total Ridge Count 139.281. 0.77 10.00 0.341 0.220 
Endomorphic Somatotype 3.51. 0.07 35.61 -0.035 -0.219 
Mesomorphic Somatotype 4.51. 0.07 29.41 0.177 0.134 
Ectomorphic Somatotype 3.01. 0.06 41.65 0.508 0.096 
* Significantly (p < 0.05) higher kurtosis and skewness values in the sample than 
expected in a normal distribution 
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(ii) Electrophoretic and Blood Group Test Results 
Tables 30-33 show the genotype and allele frequencies in the Gujarati 
Indian population for the three enzyme loci, PGM-I, EsD, AP and the 
blood group locus MN. A significant departure (p<0.05) is noted between 
the observed and expected numbers at the EsD locus from Hardy 
Weinburg expectations (Table 30), The associated D value indicates a 
heterozygote deficit (D = -0.1557). When the gene frequencies are 
calculated separately for each caste at the EsD locus, no departures are 
noted from Hardy Weinburg expectations but all castes indicate a 
heterozygote deficit. This could be explained by inbreeding in the 
populations. 
At the AP locus, departures from Hardy Weinburg expectations are again 
noted between observed and expected numbers when a X2 test was 
carried out on the total population (p<0.05) (Table 31). On separating 
each caste at the AP locus, and then testing the difference between 
observed and expected numbers, no departures were noted from Hardy 
Weinburg expectations (p>0.05) except at Caste 5 which encompasses the 
Muslims so there is a strong possibility, when considering the Muslim 
culture, that inbreeding in this subgroup could explain the departure 
from Hardy Weinburg expectations. All castes are noted to have 
negative D values indicating a heterozygote deficit. 
No departures were observed from Hardy Weinburg expectations (p<0.05) 
when a X2 test was carried out on the total population at the PGM-l and 
Mn loci (Tables 32-33). 
The phenotypes and gene frequencies for the ABO and Rhesus blood 
groups in the Gujarati Indian Male population are shown in Tables 34 and 
35 respectively. No significant departures in the ABO gene frequencies 
were noted from Hardy Weinburg expectations (X2 = 2.681 dJ.l p>0.05). 
Table 36 shows the results of X2 heterozygosity tests for the AP. EsD. 
PGM-I and MN loci. No differences are noted between the castes at each 
of the four loci, hence the castes were pooled together and treated as one 
population. 
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A comparison was made between the allele frequencies observed in the 
biochemical systems studied and those of other researchers previously 
recorded (Table 37). Close agreement is noted, indicating that the 
Gujarati Indian male population sampled in the East Midland region 
closely resembles it's parent population of Gujarat. 
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TABLE 30; Showing the Genotype and Allele Frequencies of 
Polymorphic enzyme EsD for both the total population and individual 
castes in the Gujarati Indian Male Polulation 
Total Population 
EsD 
Observed Expected 
Number Number 
11 226 218,53 I 
21 81 95,94 
22 18 10,53 
Observed Expected 
Frequency Frequency I 
11 0.6954 
21 0.2492 
22 0,0554 
Allele Frequencies 
EsD·l 0.82 
EsD·Z = 0.18 
0,6724 
0,2952 
00324 
12 = 7.881. d.f.1. signifil:ant 
(p ( 0.05) 
D = -0.1557 (heterozygote 
deficit) 
I 
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Population 11 
Caste 1 
EsD 
Observed Expected 
Numbers Numbers 
11 44 42.40 
21 17 20.19 
22 4 2.40 
Observed Expected 
Frequencies Frequencies 
11 0,6769 0,6524 
21 0,2615 0,3106 
22 0,0615 0,0370 
Allele Frequencies 
EsD·l 0.8077 
EsD·2 = 0.1923 
12 = 1.090 d.f.!. p) 0.05 
D = -0.1558 (heterozygote 
deficit) 
I Population 11 
I Caste Z 
EsD 
Observed Expected 
Numbers Numbers 
11 54 52.37 
I 21 19 22.26 
I 22 4 2.37 
I 
Observed Expected 
Frequencies Frequencies 
I 
I 11 0.7013 0.6801 
I 21 0.2467 0.2891 
I 22 0.0519 
Allele Frequencies 
IsD·l 0.8Z-{7 
IsD·Z = 0.1753 
0.0307 
12 = 1.657 d.f.1. p > 0.05 
D = -0.H66 (heterozygote 
deficit) 
I 
I 
I 
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Population 11 
Caste 3 
IsD 
Observed 
Numbers 
11 50 
21 18 
22 4 
Observed 
Frequencies 
11 0.6944 
21 0.2500 
ZZ 0.0555 
Allele Frequencies 
[sD+l = 0.8194 
[sD·Z = 0.1805 
Expected 
Numbers 
48.34 
21.30 
2.35 
Expected 
Frequencies 
0.6714 
0.2959 
0.0326 
X2 = 1.734 d.f.1. p > 0.05 
D = -0.1551 (heterozygote 
deficit) 
Population II 
Caste 4 
EsD 
Observed 
Numbers 
11 45 
Zl 16 
Z2 4 
Observed 
Frequencies 
11 0.69Z3 
21 0.2461 
ZZ 0.0615 
Allele Frequencies 
EsD·1 = 0.8154 
EsD·Z = 0.1846 
Expected 
Numbers 
43.ZZ 
19.57 
2.21 
Expected 
Frequencies 
0.6649 
0.3010 
0.0341 
X2 = Z.163 d.e.1. p > 0.05 
D = -0.18Z3 (heterozygote 
deficit) 
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Population n 
Caste 5 
EsD 
I 
Observed Expected 
Numbers Numbers 
I 
11 33 3Z.ZZ I 
Zl 11 12.56 
22 2 1.22 
Observed I Expected 
Frequencies Frequencies I 
11 0.7174 0.7004 
21 0.2444 0.2730 
I 22 0.0435 0.0266 
Allele Frequencies 
0.8369 
X2 = 0.7047 d.e.1. p > 0.05 
D = -0.1240 (heterozygote 
deficit) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
TABLE 31: Showing the Genotype and Allele Frequencies of 
Polymorphic enzyme AP for both the total population and individual 
castes in the Gujarati Indian Male Polulation 
Total Population 
AP 
I 
Observed Expected I 
I 
Number Number I 
I 
I 
AA 39 29.25 
AB 115 135.29 
BB 167 156.44 I 
BC 2 5.54 I 
CA 2 2.39 I 
CC 0 0,05 I 
Obsen'ed 
I 
I 
I 
I 
I I AA I AB 
I BB 
I BC 
I CC I 
I CA 
Population 11 
Caste I 
AP 
Observed Expected 
Numbers Numbers 
7 4.71 
21 25.30 
36 33.98 
1 0.72 
o 026 
0 0.004 
Observed 
I 
I 
I 
I 
I 
I 
I 
I 
Expected 
Frequency Frequency I 
I 
Expected 
I Frequencies Frequencies I 
I 
AA 0.0.1204 0.0904 
AB 03538 04163 
BB 0.5138 04813 
BC 0.0061 0.0I7l 
CA 0.0061 0.0074 
CC 
I 
0 0.0001 
Allele frequencies 
Ap· A ~ 0.3001 Ap·B ~ 0.6938 
Ap·C ~ 0.0123 
X2 ~ 9.390. d.f. 3 
significant p ( 0.0::; 
D = -0.1691 (heterozygote 
deficit) 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
AA 0.1077 0.0725 
AB 03231 0.3893 
BB 05538 0.5229 
BC 00154 0.0111 
CA 0 0.0041 
CC 0 0.00006 
I 
Allele frequencies 
Ap·A=0.2692 Ap·B=0.7231 
Ap·C = 0.0077 
X2 = 3.92. d.f.3. P) 0.0::; 
D = -0.1629 (heterozygote 
deficit) 
I 
I 
I 
I 
I 
I 
I 
I 
Population II 
Caste 2 
AP 
Observed Expected 
Numbers Numbers 
AA 9 7.17 
AB 28 32.35 
BB 39 36.47 
BC 0 0.68 
CA 1 0.30 
CC 0 0.003 
Observed Expected 
Frequencies Frequencies 
AA 0.1169 0.0931 
AB 0.3636 0.4201 
BB 0.5065 04737 
BC 0 0.0089 
CA 0.0130 0.0040 
CC 0 0.00004 
Allele Frequencies 
AP*A = 0.3052 AP*B = 0.6883 
Ap·C = 0.0065 
12 = 3.365. d.f.3. 
p > 0.05 
D = -0.1299 (heterozygote 
deficit) 
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Population II 
Caste 3 
AP 
Observed Expected 
Numbers Numbers 
AA 8 6.12 
AB 25 29.46 
BB 38 35.42 
BC 0 0.69 
CA 1 0.29 
CC 0 0.003 
Observed Expected 
Frequencies Frequencies 
AA 0.1111 00851 
AB 0.3472 0.4092 
BB 0.5278 0.4920 
BC 0 0.0097 
CA 0.0139 0.0040 
CC 0 0.00005 
Allele Frequencies 
AP* A = 0.2917 AP-B = 0.701-4 
Ap·C = 0.0069 
12 = 5.196. d.f.3 
p > 0.05 
D = -0.1459 (heterozygote 
deficit> 
I 
I 
I 
I 
I 
I 
· Population 11 
Caste 4 
AP 
Observed Expected 
Numbers Numbers 
AA 8 4.98 
AB 20 2575 
BB 36 33.27 
BC 1 0.72 
CA 0 0.28 
CC 0 0.004 
Observed Expected 
Frequencies Frequencies 
AA 0.1231 0.0767 
AB 0.3077 0.3962 
BB 0.5538 0.5118 
BC 0.0154 0.0110 
CA 0 0,0043 
CC 0 0.00006 
Allele Frequencies 
AP* A = 0.2769 AP*B = 0.7154 
Ap·C = 0.0077 
X2 = 5.9820 d.f.3. 
p ) 0.05 
D = -0.2148 (heterozygote 
deficit) 
I 
I 
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Population II 
Caste 5 
AP 
Observed Expected 
Numbers Numbers 
AA 7 6.66 
AB 21 21.59 
BB 18 17.66 
BC 0 0 
CA 0 0 
CC 0 0 
Observed Expected 
Frequencies Frequencies 
AA 0.1522 0.1447 
AB 0.4562 0.4693 
BB 0.3913 0.3839 
BC 0 0 
CA 0 0 
CC 0 0 
Allele Frequencies 
AP*A = 0.3804 AP*B = 0.6196 
AP*C = 0 
= 0.0404 d.e.1 
) 0.05 
= -0.0273 (heterozygote 
deficit) 
I 
I 
I 11 
I 21 
I 22 
I 
I 
TABLE 32: ShoYing the Genotype and Allele frequencies of 
Polymorphic Enzyme PGM-I for both the total population and 
individual castes in the Gujarati Indian Male Polulation 
Total Population I 
PGM-I I 
Observed Expected 
Number Number 
I 
150 151.60 
144 140.72 
31 32.63 I 
Observed Expected I 
Frequency Frequency I 
I 
I 
11 
21 
I 22 I 
Population II 
Caste I 
PGM-I 
Observed Expected 
Numbers Numbers 
28 27.78 
29 29.41 
S 7.78 
Observed Expected 
Frequencies Frequencies 
I 11 0.4610 0.4666 11 0.4308 0.4274 
I 21 0.4431 
22 0.09')0 
Allele Frequencies 
PGMI"1 0.6331 
PGM1"2 = 0.3169 
0.4295 
0.1004 
12 = 0.122. d.f.l. p ) 0.05 
D = 0.0233 (heterozygote 
excess) 
I 
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21 0.4461 
22 0.1231 
Allele Frequencies 
PGM1"1 = 0.6533 
PGM1"2 = 0.3461 
0.4526 
0.1198 
12 = 0.067 d.f.l. p) 0.05 
D = -0.0139 (heterozygote 
deficit) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Population II 
Caste Z 
PGM-l 
Observed 
Numbers 
11 36 
21 34 
ZZ 7 
Observed 
Frequencies 
11 0,4675 
21 0.;';'15 
22 0.0910 
Allele Frequencies 
PGM1""1 = 0.6883 
PGM1*Z = 0.3116 
Expected 
Numbers 
36,47 
33.02 
7.;'7 
Expected 
Frequencies 
0,4737 
0,4Z89 
0.0971 
12 = 0.941 d.f.l. p > 0.05 
D = 0.OZ97 (heterozygote 
excess) 
I 
I 
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Population II 
Caste 3 
PGM-l 
Observed 
Numbers 
11 34 
21 32 
22 6 
Observed 
Frequencies 
11 O.;,72Z 
21 0.4444 
22 0.0833 
Allele Frequencies 
PGM1"". Q 0.69 .... 
PGMl *2 = 0.3055 
Expected 
Numbers 
34.71 
30.54 
6.72 
Expected 
frequencies 
O.48ZZ 
0,4Z43 
0.0933 
12 = 0.131 d.f.1. p > 0.05 
D = 0.0478 (heterozygote 
excess) 
I 
I 
I 
Population 11 
Caste .. 
PGM-l 
Observed 
Numbers 
11 30 
21 28 
22 7 
Observed 
Frequencies 
11 0.4615 
21 0.4308 
22 0.1077 
Allele Frequencies 
PGMl" 1 = 0.6769 
PGMl "2 = 0.3231 
Expected 
Numbers 
29.78 
28.43 
6.78 
Expected 
Frequencies 
04582 
0.4374 
0.1044 
X2 = 0.090 d.LI. p ) 0.05 
D = -0.0151 (heterozygote 
deficit) 
I 
I 
I 
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Population 11 
Caste 5 
PGII-l 
Observed 
Numbers 
11 22 
21 21 
22 3 
Observed 
Frequencies 
11 0.4783 
21 0.4565 
22 0.0652 
Allele Frequencies 
PGMl"l = 0.7065 
PGMl "2 = 0.2935 
Expected 
Numbers 
22.96 
19.07 
3.96 
Expected 
Frequencies 
0.4991 
0.4147 
0.0861 
X2 = 0.757 d.LI. p) 0.05 
D = 0.1012 (heterozygote 
excess) 
I 
TABLE 33: Showing the Genotype and Allele Frequencies of Blood Group 
MN Cor both the total population and individual castes in the Gujarati 
Indian Male Polulation 
Total Population 
Observed 
Number 
MM 128 
MN 146 
NN 51 
Observed 
Frequency 
MM 0.3938 
MN 0.4492 
NN 0.1569 
Allele Frequencies 
M 0.618~ 
N = 0.3815 
12 = 0.751 d.L 1 
p ) 0.05 
Expected 
Number 
124.32 
153.37 
47.31 
Expected 
Frequency 
0.3825 
0.4719 
0.1456 
D = -0.0480 (heterozygote 
deCicit) 
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I Caste 1 
Population II 
MN 
Observed Expected 
Numbers Numbers 
MM 24 22.21 
MN 28 31.56 
NN 13 11.21 
Observed Expected 
Frequencies Frequencies 
MM 0.3692 0.3417 
MN 0.4308 0.4857 
INN 0.2000 0.1725 
Allele Frequencies 
M = 0.5846 
N = 0 .. (154 
12 = 0.831. d.C.l 
p ) 0.05 
D = -0.l1Z8 (heterozygote 
deCicit) 
I 
Population 11 
Caste Z 
MN 
Observed Expected 
Numbers Numbers 
I MM 31 30.55 
MN 35 
NN 11 
Observed 
F requen cies 
MM 0.4026 
MN 0.4545 
NN 0.1428 
Allele Frequencies 
M = 0.6299 
N = 0.3701 
12 = 0.0489. d.e.1. 
p ) 0.05 
35.90 
10504 
Expected 
Frequencies 
0.3968 
0.4662 
0.1370 
D = -0.OZ51 (heterozygote 
deficit) 
I 
I 
146 
I 
Population 11 
Caste 3 
MN 
Observed 
Numbers 
MM 28 
MN 32 
NN 12 
Observed 
Frequencies 
MM 0.3889 
MN 0.4444 
NN 0.1667 
Allele Frequencies 
M = 0.6111 
N = 0.3888 
12 = 0.3028. d.LI 
P ) 0.05 
Expected 
Numbers 
26.88 
34.21 
10.88 
Expected 
Frequencies 
0.3734 
0.4752 
0.1512 
D = -0.0646 (heterozygote 
deficit) 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
i 
I , 
I 
I 
I 
I 
I 
I 
, 
MM 
MN 
I NN 
I 
I 
I 
Population II 
Caste 4 
loiN 
Observed Expected 
Numbers Numbers 
I 
23 22.21 
30 3156 
12 11.21 
Observed Expected 
I 
I 
I 
I 
I 
I 
I 
Frequencies Frequencies I 
I 
MM 0.3538 
MN 0.4615 
NN 0.1846 
, 
Allele frequencies 
M = 0.5846 
N = OAI~)4 
12 = 0.1464. d.f.1. 
p ) 0.05 
0.3417 
0.4857 
0.1725 
D = -0.0494 (heterozygote 
deficit) 
I 
I 
I 
I 
I 
I 
I 
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Population 11 
Caste 5 
loiN i ! 
i 
I 
Observed Expected I 
Numbers Numbers I 
I I 
! I MM 22 22.96 
I MN 21 19.07 
I NN 3 3.96 
I 
I 
, 
Observed 
I 
Frequencies 
Expected 
Frequencies I 
I 
I MM 0.4783 
I MN 0.4565 
INN 0.0652 
Allele frequencies 
M = 0.70652 
N = 0.29348 
12 = 0.3466. d.l.1 
p ) 0.05 
0.4992 
0.4147 
0.0861 
D = 0.1012 (heterozygote 
excess) 
I 
I 
I 
Table 34: ShoYing the phenotypes and gene frequencies for the ABO 
blood group in the Gujarati Indian Male Population 
(i) Total Population (H) Caste I 
PHENO TYPES PHENO TYPES 
Observed Expect.ed 
Numbers Numbers I Observed Expected Numbers Numbers 
0 97 102.12 0 17 18.37 
A 92 85.81 A I 18 I 16.30 
B I 112 105.94 B 25 23.36 
AB 24 31.12 AB 5 6.97 
Total 325 Total 65 
Gene frequencies: Gene frequencies: 
p 0.1999 p = 0.1987 
q ~ 0.2396 q ~ 0.2697 
r 
-
0.5606 r 
-
0.5316 
X2 = 0.949 dJ. 1. P ) 0.05 
148 
I 
I 
I 
I 
(Hi) Caste 2 
PHENO TYPES 
I Observed Expected Numbers Numbers 
0 26 26.44 
A I 22 I 21.48 
B 23 22.48 
AB 6 6.60 
Total 77 
Gene frequencies: 
p c 0.2029 
q 
-
0.21 II 
r 
-
0.5860 
X2 = 0.086 dJ. 1 p > 0.05 
(iv) Caste 3 
PHENO TYPES 
Observed 
Numbers 
0 I 21 
A 22 
B 24 
AB 5 
Total 72 
Gene frequencies: 
p = 0.2119 
q = 0.2298 
r - 0.5583 
Expected 
Numbers 
22.44 
20.26 
I 22.28 
7.0 I 
X2 = 0.951 dJ.l p >0.05 
I 
I 
I 
I 
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(v) Caste 4 
PHENO TYPES 
Observed Expected 
Numbers Numbers 
0 17 I 18.37 
A I 18 I 16.30 
B 25 23.36 
AB 5 6.97 
Total 65 
Gene frequencies: 
p c 0.1987 
q D 0.2697 
r -0.5316 
X2 = 0.949 dJ. I p > 0.05 
(vi) Caste 5 
PHENO TYPES 
Observed 
Numbers 
0 16 
A 12 
B 15 
AB 3 
Total 46 
Gene frequencies: 
p =0.1801 
q =0.2211 
r -0.5988 
Expected 
Numbers 
16.50 
I 11.41 
14.43 
3.66 
I 
X2 =0.188 dJ.l P) 0.05 
Table 35: ShoYing the Phenotype IUld Gene Frequencies for the Rhesus 
Blood Group in the Gujarati Indian Male Population 
Caste Number Di- D- D d 
I 65 59 6 72.30 27.70 
2 77 71 6 69.61 30.39 
3 72 67 5 72.10 27.90 
4 65 61 4 73.59 26.41 
5 46 42 4 75.20 24.80 
Total 
325 300 25 72.05 27.95 
Number 
150 
Table 36: Showing the results of Chi squared heterogeneity tests for 
AP. IsD. PGM-I and MH. 
AP 
C 
Genotype I 
AA 7 
AB 21 
BB 37 
X2 heterogeneity = 4.888 dJ. 8 
Associated probability = 0.810 
EsD 
C 
Genotype 1 
11 44 
21 17 
22 4 
X2 heterogeneity - 0.346 dJ. 8 
Associated probability = 0.999 
A 
2 
10 
28 
39 
A 
2 
54 
19 
4 
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S T E 
3 4 5 
9 8 7 
25 20 21 
38 37 18 
S T E 
3 4 5 
50 45 33 
18 16 1 1 
4 4 2 
PGM-l 
C 
Genotype 1 
1 1 28 
21 29 
22 8 
X2 heterogeneity = 1.419 dJ. 8 
Associated probability = 0.993 
MN 
C 
Genotype 1 
MM 24 
MN 28 
NN 13 
X2 heterogeneity = 4.993 dJ. 8 
Associated probability = 0.759 
A 
2 
36 
34 
7 
A 
2 
31 
35 
I I 
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S T E 
3 4 5 
34 30 22 I 
32 28 21 
6 7 3 
S T E 
3 4 5 
28 23 22 
32 30 21 
12 12 3 
Table 37: Comparison of Allele Frequendes with those of previous 
workers 
Allele Iri 
Previous yorkers allele by Papihl 
System Studied Populalion Frequency itlGujarali. Gujl 
Indian PopulaUon POI 
AP I 
I pa 0.300 0.285 
I pb 0.694 0.710 , 
pc I 0.012 0.045 i 
(Blake et a11970) I 
, 
EsD 
I 0.820 0.859 
2 0.180 0.141 
(Bhasin et a1198S) 
PGM 
I 0.683 0.691 
2 0.317 0.307 
(Blake et a1.1970) 
MN 
M 0.618 0.625 I 
N 0.382 0.375 I 
(Vyas et a1.1958) 
I 
ABO 
p 0.199 0.175 j 
q 0.240 0.241 j 
r 0.561 0.584 j 
(Verma & Dongre.1965) 
Rhesus I I 
D 0.720 0.738 ( 
d 0.280 0.262 ( 
I I (Desai 1955) 
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(Hi) Combined quantitative and biochemical system results 
Tables 38-41 show the results of testing the difference in mean between 
individuals homozygous or heterozygous at the EsD, AP, PGM-I and MN 
loci in the Gujarati Indian male population. In total 108 students t-tests 
(4 loci x 27 morphological traits) were carried out. A positive value 
indicates that the heterozygotes have a higher mean value than the 
homozygotes. This was noted to be the case in 72 of the 108 tests, 4 of 
which were noted as being significantly different (p<0.05). These were 
bicondylar diameter of the humerus and head circumference at the EsD 
locus, and wrist circumference and subscapular skinfold at the MN blood 
group locus. No significant differences (p>0.05) were noted indicating 
homozygotes to have a higher mean than heterozygotes. The 
significantly different results that are observed, indicating a higher mean 
in heterozygotes than homozygotes, are few in number and can be 
explained by random chance alone. So no differences in means are 
observed between individuals homozygous or heterozygous at any of the 
four loci studied in this population. 
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Table 38: Testing differences in mean of morphological trailS bet1reen 
individuals homozygous or heterozygous at the IsD enzyme locus in the 
Gujarati Indian Male population 
Morphological Trait X hetero X homo 
(n=81 ) (n.244) 
Stature 1770.5 1761.9 
Sitting Height 928.3 927.5 
Weight * 4.20 4.19 
Biacromial Diameter 402.4 401.6 
I Bicondylar diam. of humerus 67.7 67.8 
I Bicondylar diam. of femur 94.8 93.7 
I Bi-iliac diameter 268.9 266.0 
IHead circumference 579.4 575.4 
Upper arm circumference * 3.32 3.31 
Thigh circumference * 3.95 3.% 
Calf circumference * 3.55 3.56 
Iwrist circumference 177.71 174.8 
Ankle circumference 223.4 223.6 
Triceps Skinfold * 2,09 2.08 
Biceps Skinfold * 1.47 1.44 
Subscapular skin fold * 2.47 2,40 
ISUprailiac skinfold * 2.52 2,48 
Calf skinfold * 1.88 1.91 
Pattern Intensity 13.7 13.8 
Total Ridge Count 140.3 138.9 
IEndomorPhic Somatotype 3.60 3.42 
Mesomorphic Somatotype 4.17 4.20 
Ectomorphic Somatotype 2.93 2.81 
Sum of 4 skinfolds * 3.60 3.56 
I '7. Body fat * 2.73 2.70 
(bSOlute body fat * 243 2.40 
Fat free mass * 4.08 4.09 
* data subjected to loge transformation 
+ • significantly different at 5% level 
t(O.05) • 2.00 N = 60 
t(0.05) = 1.98 N = 120 
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t-value 
1.32 
0.22 
0.67 
0,39 
-0.09 
2.78 + 
1.31 
1.92 + 
-0.73 
-1.13 
-1.12 
l.44 
-0.05 
0.20 
0.50 
l.40 
0.80 
-0.75 
I 
-0.51 
0.54 
0.95 
-0.18 
0.% 
0.80 
0.81 
0.62 
-0.71 
Table 39: Testing differences in mean of morphological traits between 
individua.ls homozygous or heterozygous at the AP enzyme locus in the 
Gujarati Indian Male population 
Morphological Trait X hetero X homo 
(n=119) (n=206) 
Stature 1767.1 1769.6 
Sittin g Height 926.3 9285 
Weight • 4.23 4.22 
Biacromial Diameter 401.8 401.8 
Bicondylar diam. of humerus 67.0 66.6 
Bicondylar diam. of femur 94.0 93.9 
Bi-iliac diameter 266.4 267.0 
Head circumference 5760 576.8 
Upper arm circumference • 3.34 3.35 
Thigh circumference • 3.96 3.97 
Calf circumference • 3.52 3.56 
Wrist circumference 176.3 175.1 
IAnkle circumference 223.8 2233 
ITriceps Skinfold • 2.07 2.09 
I Biceps Skinfold • 1.46 1.45 
I Subscapular skinfold • 2.45 2.40 
ISuprailiac skinfold • 2.62 2.58 
Calf skinfold • 1.88 1.91 
IPattern Intensity 13.8 13.8 
Total Ridge Count 140.3 138.7 
Endomorphic Somatotype 3.76 3.62 
IMesomorphic Somatotype -4,30 4.13 
IEctomorphic Somatotype 2.95 2.78 
Sum of 4 skinfolds • 3.59 3.56 
" Body fat • 2.73 2.70 
Absolute body fat • 2.42 2.40 
Fat free mass • 4.08 4.09 
• data subjected to loge transformation 
+ = significantly different at 5'70 level 
t(O.05) = 2.00 N = 60 
t<O.05) = 198 N = 120 
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t-value 
-0.38 
-0.61 
0.77 
-0.Q3 
0.71 
0.08 
-0.26 
-0.43 
-0.83 
-1.59 
1.58 
0.86 
0.27 
0.42 
0.16 
1.14 
0.88 
-0.79 
0.28 
0.97 
0.82 
1.12 
1.42 
0.65 
0.32 
0.53 
-0.91 
Table 40: Testing differences in mean of morphological traits betYeen 
individuals homozygous or heterozygous at the PGM-l enzyme locus in 
the Gujarati Indian Male population 
Morphological Trait X hetero X homo 
(n=144) (n=181) 
I Stature In6.6 In6.9 
1 Sitting Height 930.6 925.4 
Weight .. 4.24 4.23 
1 Biacromial Diameter . 400.8 400.8 
Bicondylar diam. of humerus 67.7 67.8 
1 Bicondylar diam. of femur 94.2 93.9 
Bi-iliac diameter 267.8 267.7 
IHead circumference 577.1 576.0 
Upper arm circumference .. 3.35 3.36 
IThigh circumference .. 4.01 4.00 
Calf circumference .. 3.56 3.55 
Wrist circumference 175.4 175.6 
Ankle circumference 223.9 223.1 
Triceps Skin fold .. 2.07 2.06 
Biceps Skinfold .. 1.43 1.47 
Subscapular skinfold .. 2.39 2.44 
Suprailiac skinfold .. 2.48 250 
Calf skinfold .. 1.93 1.88 
Pattern Intensity 13.8 13.8 
Total Ridge Count 139.4 139.1 
Endomorphic Somatotype 363 3.71 
Mesomorphic Somatotype 4.09 4.27 
Ectomorphic Somatotype 2.88 2.81 
1 Sum of 4 skinfolds .. 3.56 3.58 
1% Body fat .. 2.70 2.71 
(bSOlute body fat .. 2.41 2.40 
Fat free mass .. 4.09 4.08 
.. data subjected to loge transformation 
•• significantly different at 5% level 
t(0.05) " 2.00 N = 60 
t(05) = 1.98 N = 120 
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t-value 
I 
1.42 
1.36 
0.83 
-0.04 
-0.24 
0.53 
0.05 
0.60 
-1.11 
1.25 
1 1.43 
-0.13 
1 0.48 
0.24 
-0.95 
-0.95 
-0.44 
1.35 
-0.13 
0.20 
-0.53 
-1.29 
0.61 
-0.51 
-0.36 
0.11 
1.00 
Table 41: Testing differences in mean of morphological traits belYeen 
individuals homozygous or heterozygous atlhe MM blood group locus in 
the Gujarati Indian Male population 
Morphological Trait X hetero X homo 
(n=146) (n=179) 
I Stature 1n1.8 1nO.7 
ISitting Height 928.2 927.3 
IWeight • 4.21 4.22 
I Biacromial Diameter 402.1 401.6 
I Bicondylar diam. of hu~erus 67.9 67.6 
I Bicondylar diam. of femur 94.0 94.0 
jBi-iliac diameter 267.7 265.9 
Head circumference 5n.4 575.8 
IUpper arm circumference • 3.35 3.34 
Thigh circumference * 3.97 3.96 
Calf circumference • 3.56 3.55 
Wrist circumference 176.9 174.4 
IAnkle circumference 224.3 222.8 
jTriceps Skinfold * 2.07 2.02 
Biceps Skinfold • 1.47 1.43 
Subscapular skinfold * 2.47 2.37 
Suprailiac skin fold * 2.63 2.56 
Calf skinf 0 Id * 1.89 1.91 
Pattern Intensity 13.8 13.8 
Total Ridge Count 139.7 138.9 
Endomorphic Somatotype 3.75 3.53 
jMesomorPhic Somatotype 4.20 4.18 
Ectomorphic Somatotype 2.91 2.78 
Sum of 4 skinfolds • 3.58 354 
" Body fat * 2.73 2.69 
Absolute body fat • 2,43 2.38 
Fat free mass • 4.08 4.09 
• data subjected to loge transformation 
+ = significantly different at 5% level 
t(O.OS) = 2.00 N = 60 
t(05) = 1.98 N = 120 
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t-value 
0.17 
0.24 
0.71 
0.2:> 
111 
-0.02 
0.88 
-0.22 
1.02 
1.51 
1.43 
1.82 + 
0.86 
1.19 
050 
2.38 + 
1.55 
-0.:>3 
-0.04 
0.47 
1.58 
0.14 
1.34 
1.08 
1,42 
1.47 
-0.28 
The percentage of 'Modal' individuals among homozygous and 
heterozygous groups for the loci studied in the Gujarati Indian male 
population are shown in Table 42. Subjects with values for the 
morphological traits in the range average of !,O,67 standard deviations, 
which is theoretically about 0,5 of the distribution, were designated as 
'Modal' individuals. 
At the AP and PGM -1 loci the heterzygotes have a higher percentage of 
'Modal' individuals than the corresponding homozygotes, whereas at the 
EsD and MN loci, the reverse situation holds true. Significant differences 
(p<0.05) as tested by the x:2 test were observed at 6 of the variables. 
These were wrist circumference and pattern intensity at the EsD locus, 
stature at the AP locus, bi-iliac diameter and calf circumference at the 
PGM -1 locus and, finally, sitting height at the MN locus. Half of the 
significantly different results indicated a higher percentage of 'Modal' 
individuals amongst the homozygous class and the other half indicated a 
. high percentage of modal individuals amongst the heterozygous class. In 
total only 5.5% of all the results were noted to be significantly different 
(p<0.05). These could all be explained by random chance so there is no 
indication of any differences in the percentage of 'Modal' individuals 
among homozygous and heterozygous classes. 
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Table 42: Percentage of -Modal- individuals among Homozygous and Heterozygous groups for the loci studied in the 
Gujarat Indian Male population 
EsD AP PGM-I MN 
Morl!hological Trai (n =325) (n -325) (n = 325) (n=293) 
homo hetero homo hetero homo hetero homo hetero 
(n = 244) (n=81) (n = 206) (n = 119) (n=180 (n = 144) (n = 179) (n = 146) 
Stature 54.2 60.6 41.6 * 62.2 * 51.7 48.4 50.1 505 
Sitting height 48.4 555 554 49.2 50.5 47.6 34.2 * 54.8 + 
Weight 391 52.2 48.4 40.0 47.6 53.0 557 48.4 
Biac romial diamete 50.4 557 44.7 47.4 50.2 584 42.6 42.7 
Bicond diam. hum 44.6 39.8 52.2 54.1 48.9 52.0 47.7 49.8 
Bicond diam femur 451 346 48.4 47.8 55.7 546 50.5 47.4 
Bi-i1iac diameter 51.2 48.6 44.4 504 594 * 32.6 * 516 48.6 
Head circum 48.9 46.4 452 47.9 49.9 505 58.1 523 
Upper arm circum 47.3 49.9 44.7 45.9 44.8 45.9 55.4 50.6 
Thigh circum 37.4 38.6 519 51.2 50.6 4&.8 39.7 40.2 
Calf circumference 50.4 523 396 42.9 45.3 * 612 * 48.4 532 
Wrist circum 60.3 * 392 * 485 45.8 45.9 47.9 54.4 48.8 
Ankle circum 51.9 51.4 50.9 530 346 45.2 47.2 42.6 
Triceps skin fold 436 48.4 473 49.4 44.1 46.4 48.9 500 
Biceps skin fold 49.2 46.2 47.9 48.6 53.6 48.6 52.4 54.& 
Subscapular skinf. 45.4 49.8 5\.6 51.7 47.8 48.9 60.4 52.& 
Suprailiac skinfold 47.4 506 45.2 47.8 55.4 47.9 47.6 44.5 
Calf skinfold 43.9 52.4 55.7 49.2 47.3 50.6 439 42.2 
Pattern intensity 57.8 * 41.8 * 44.7 45.9 48.5 45.8 43.1 37.4 
Total ridge count 52.4 43.9 50.& 46.9 47.6 53.0 389 454 
Endomorphic somat 48.5 40.0 439 50.0 44.2 50.3 48.1 45.5 
Mesomorphic soma 47.4 42.6 53.0 47.3 394 46.4 50.2 42.1 
Ectomorphic somat 48.9 46.7 48.4 48.4 45.6 49.1 49.4 379 
* significanlly different values (p (0.05): difference tested by X2 test 
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Principal components analysis using orthogonallvarimax transformation 
method was carried out in the Gujarati Indian population (Table 43). Six 
factors were extracted representing the same morphological traits as the 
English population. Factor I is mainly representing weight, the skinfold 
measurements and endomorphy, Factor 2 represents stature and sitting 
height which clearly are not independent measurements, Factor 3 
represents thigh and calf circumferences. The pattern intensity and total 
ridge count are represented by Factor 4 and Factor 5 represents the bony 
widths and mesomorphy. Finally Factor 6 represents head 
circumference. The factor scores are noted to be in close'approximation 
to that in the English population. 
t <: t 
TABU 43: Showing the Result of Principal Component Analysis on the 
Gujarati Indian Male Population Using the OrthogonallVarimax 
Transformation Method 
FACTOR FACTOR FACTOR FACTOR FACTOR FACTOR 
I 2 3 'I 5 6 
IEndOmOrPhY 0,9'11 0,0'15 0.136 0,019 0.1 '16 0,01'1 
I Mesomorphy 0,41 'I -0,271 0,'127 -0,022 0,729 0.132 
I Ectomorphy -0,419 0,53'1 -0,685 0,0'16 0,117 -0,25'1 
I Pattern Intensity -0,089 0,023 O.os6 0.9'19 0.0'13 -0.03'1 
ITotal Ridge Count -0.059 -0.015 0.003 0.950 0,007 0.082 
IStature -0.113 0,936 -0.06'1 0.071 0.099 -0.119 
Sitting Height 0.12'1 0,888 0,053 0,017 0,089 -0.07'1 
Weight 0,508 0,500 0.507 0,017 0.313 0.191 
Biacromial Diameter 0.051 0.200 0.391 0.116 0.62'1 0.5'16 
Bicondylar Diam. Humerus 0.338 0.06'1 0.05'1 0.075 0.7'19 -0.075 
Bicondylar Diam. Femur 0.203 0.29'1 -0.067 0.029 0.743 0.058 
Bi-iliac Diameter 0.292 0.261 0.022 -0.038 0.518 0.321 
Head Circumference 0,09 -0.089 0.019 -0.018 0,099 0.844 
Upper Arm Circumference 0.349 -0,017 0.514 -0.032 0.520 0.271 
Thigh Circumference 0,314 0.120 0,798 0.067 0.232 0.103 
Calf Circumference 0,339 0.174 0,709 -0.018 0.341 -0.046 
Wrist Circumference 0,257 0.177 0.295 0005 0.520 0.304 
Ankle Circumference 0.392 0.252 0.317 -0.016 0.557 0.083 
Triceps Skinfold 0.912 -0.046 0.159 -0.009 0.137 -0025 
Biceps Skin fold 0.856 -0.112 0,006 -0.023 0.290 0.111 
I Subscapular Skinfold 0,858 -0.0009 0.096 -0.047 0.255 0.190 
Supra-ilia~ Skinfold 0,918 0.064 0.104 0.029 0,122 -0.053 
Calf Skinfold 0.744 0.0008 0050 0035 0.057 0.144 
I 
The difference in variance of the morphological traits between 
homozygous and heterozygous individuals at the EsD, AP, PGM-I and 
MN loci was studied (Tables 44-47). F values greater than I signify 
greater homozygote variability which was observed in 66 out of 108 
results when a variance ratio test was applied (where homozygote values 
were the numerator and heterozygote values the denominator). In total 
35 results were noted as being significantly different (p<O.05), 9 values 
at the EsD locus, 8 at the AP locus, 5 at the PGM-I locus and 13 at the 
MN locus. 74% of the' results that were significantly different (p<0.05J 
indicated that the homozygote individuals had a larger variance than the 
heterozygote individuals. 26% of the results indicated homozygotes to 
have a lower variance than heterozygotes. This is in contrast to the 
English population where there were no significantly different results 
(p<0.05) to indicate a lower variance in homozygotes than heterozygotes. 
Table 47 shows the results of testing the difference in variance of the 
morphological traits between the homozygous and heterozygous classes at 
the MN blood group locus. The results at this locus differ from that 
noted at the other loci in this population, with a greater number of 
significantly different (p<0.05) results indicating homozygous to be less 
variable than heterozygotes. Out of 13 results indicating significant 
differences (p<0.05J at the MN locus, 6 results indicated a lower variance 
in homozygotes than heterozygotes. On comparing the results at this 
locus with that at the MN locus in the English population, a sharp 
contrast was noted. In the English population there were no significantly 
different results (p>O.05) to indicate homozygotes have a lower variance 
than heterozygotes. This suggests that there is no direct association 
between the MN locus itself and morphological variability but, more 
probably, something linked to the MN locus. 
Six factors were extracted from principal component analysis. At the EsD 
locus for factors 1-4 a significant difference (p<0.05) is noted between 
homozygotes and heterozygotes in variance, indicating homozygous 
individuals to be more variable than heterozygous individuals. This 
result cannot be explained by random chance alone. At the AP locus 
there were 2 significantly different results (p<O.05) at Factors 2 and 5. 
The result at Factor 2 indicates homozygotes to be more variable than 
heterozygotes and at Factor 5 the result indicates the reverse situation to 
be true. At the PGM-I locus there is one significant result (p<O.OS) 
indicating homozygous individuals to be more variable than the 
heterozygous. Finally. at the MN locus. there is only one significant 
result (p<O.OS) indicating homozygotes are more variable than 
heterozygotes but Factor 1. 4. Sand 6 have F values less than one to 
indicate homozygotes are less variable than heterozygotes at this locus. 
However. none of the results are significantly different (p<O.OS). There 
is still a strong indication of reduced morphological variability in 
heterozygotes. 
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Table 44: Testing difference in variance oC morphological trailS 
between individuals homozygous or heterozygous at the EsD enzyme 
locus in the Gujarati Indian Male population 
(N = 325) 
(F-test Variance ratio test) 
Morphological Trait S2 homo S2 hetro F-ratio 
(n·2·H) (n·8I) 
I Stature 4211.33 205682 2.04 + 
ISitting Height 1205.36 941.47 1.28 
IWeight * 0.012 0.015 0.80(1.25) 
I Biacromial Diameter 293.06 279.61 1.05 
I Bicondylar diam. of humerus 18.17 16.61 1.09 
I Bicondylar diam. of femur 2560 25.24 1.01 
I Bi-iliac diameter 343.82 280.68 1.22 
Head circumference 280.93 25484 1.10 
I Upper arm circumference * 0.012 0.01 1 1.09 
Thigh circumference * 0.007 0.004 1.75 + 
I Calf circumference * 0.010 0.003 333 + 
I Wrist circumference 125.73 124.47 1.01 
IAnkle circumference 30299 234.13 1.29 
Triceps Skinfold * 0.238 0.157 1.51 + 
Biceps Skin fold • 0.424 0.201 2.11 + 
Subscapular skinfold * 0.125 0.174 0.i2(1.39) 
Suprailiac skinfold • 0.160 0.160 1.00 
I Calf skinfold • 0.115 0.094 1.22 
Pattern Intensity 4.29 3.14 1.37 + 
Total Ridge Count 212.62 142.55 1!!9 + 
Endomorphic Somatotype 2.69 2.10 1.28 
Mesomorphic Somatotype 1.51 1.86 0.81(1.23) 
Ectomorphic Somatotype 1.08 0.89 1.21 
Sum of 4 skin folds * 0.216 0.150 1!!4 + 
% Body fat * 0.092 0.080 1.15 
Absolute body fat * 0.181 0.134 1.35 
Fat free mass * 0.015 0.01l 1.36 
Factor 1 1.137 0.817 1.39 + 
Factor 2 1.128 0643 1.75 + 
Factor 3 2.010 1.322 1.52 + 
Factor 4 1.094 0.745 1.47 + 
Factor 5 1.264 1.091 1.16 
Factor 6 1.374 1.031 1.33 
• data subjected to log e transformation 
+ • significantly differen t values (p ( 0.05) 
values in brackets indicate where the two-tailed test was applied 
I 
I 
Table 45 Testing difference in variance of morphological traits 
betveen individuals homozygous or heterozygous at the AP enzyme 
locus in the Gujarati Indian Male population 
(N = 325) 
(T-test Variance ratio test) 
Morphological Trait S2 homo S2 hetro F-ratio 
(n=206) (n=119) 
Iswure 4313.24 2:m37 1.70 • 
Sitting Height 1305.62 840.49 1.55 • 
Iweight * 0.012 0.015 0.80(1.25) 
Biacromial Diameter 292.18 285.44 1.02 
I Bicondylar diam. of humerus 18.19 22.63 0.80(1.24) 
I Bicondylar diam. of femur 25.15 26.85 0.93(1.07) 
Bi-iliac diameter 398.50 321.82 1.24 
I Head circumference 225.22 265.90 0.85(1.18) 
IUpper arm circumference * 0.016 0.009 1.78 • 
IThigh circumference + 0003 0.003 1.00 
Calf circumference * 0003 0.003 1.00 
I Wrist circumference 197.28 143.12 1.38 • 
IAnkle circumference 294.29 257.49 1.14 
Triceps Skinfold + 0.187 0.152 1.23 
I Biceps Skinfold • 0.523 0.181 2.88 • 
Subscapular skinfold • 0.121 0.168 0.72(1.39 ). 
I Suprai1iac skinfold * 0.165 0.153 1.08 
Calf skinfold * 0.109 0.110 0.99(1.01) 
I Pattern Intensity 3.85 3.19 1.21 
Total Ridge Count 190.85 200.0:; 0.95(1.05) 
Endomorphic Somatotype 2.45 2.08 1.18 
Mesomorphic Somatotype 1.40 1.92 0.73(1.37) 
Ectomorphic Somatotype 0.94 1.18 0.80(1.25) 
Sum of 4 skinfolds * 0.195 0.141 1.38 • 
% Body fat + 0.128 0.066 1.94 • 
Absolute body fat • 0.106 0.118 0.89( 1.1 1) 
IFat free mass + 0.009 0.010 0.90(1.10) 
Factor I 1.295 1.017 1.27 
Factor 2 1.1:)8 0.730 1.59 • 
Factor 3 0.978 1.044 0.94(1.06) 
Factor 4 0.978 1.042 0.94(1.06) 
Factor 5 0856 1.242 0.82(1.45)' 
Factor 6 1.370 1.160 1.18 
• data subjected to log e transformation 
• = significantly different va.Jues (p ( 0.05) 
values in brackets indicate where the two-tailed test was applied 
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Table -t6: Testing difference in variance of morphological traits 
between individuals homozygous or heterozygous at the PGM-I enzyme 
locus in the Gujarati Indian Male population 
(N ~ 325) 
(F-test Variance ratio test) 
Morphological Trait S2 homo S2 hetro F-ratio 
(n=181) (n=144) 
Stature 3626.21 3662.64 0.990.01) 
Sitting Height 1073.27 1202.23 0.890.12) 
Weight .. 0.014 0.012 1.17 
I Biacromial Diameter 289.10 270.49 1.07 
I Bicondylar diam. of humerus 19.58 20.17 0.97(1.03) 
I Bicondylar diam. of femur 29.30 21.27 1.38 • 
I Bi-iliac diameter 323.48 335.99 0.960.0.4) 
IHead circumference 262.12 212.02 1.24 
IUpper arm circumference .. 0.009 0.005 1.80 • 
IThigh circumference .. 0.008 0.003 2.67 • I Calf circumference .. 0.006 0003 2.00 • 
Wrist circumference 134.87 117.28 1.15 
IAnkle circumference 229.86 187.14 1.23 
Triceps Skinfold .. 0.159 0.122 1.30 • 
Biceps Skin fold .. 0.149 0.137 1.09 
Subscapular skinfold .. 0.154 0.120 1.28 
ISuprailiac skinfold .. 0.148 0.178 083(1.20) 
I Calf skinfold .. 0.111 0.106 1.05 
I Pattern Intensity 3.62 4.48 0.80.24) 
Total Ridge Count 18407 208.21 0.880.13) I 
Endomorphic Somatotype 1.96 1.61 1.22 
Mesomorphic Somatotype 1.76 1.38 1.27 
Ectomorphic Somatotype 1.02 10:5 0.97( 1.03) 
Sum of " skinfolds .. 0.134 0.113 1.18 I '1. Body fat .. 0.073 0.059 1.24 I Absolute body fat .. 0.124 0.093 1.33 
Fat free mass .. 0.009 0.010 0900.10) 
Factor 1 1.051 0.942 1.11 
Factor 2 1.009 0.978 1.03 
Factor 3 1.004 1.002 1.00 
Factor 4 0.907 1.124 0.810.24) 
Factor 5 1.049 0.944 1.11 
IFactor 6 2.03 0.969 2.Q9 • 
I 
.. data subjected to log e transformation 
• = significantly different values (p < 005) 
values in brackets indicate where the two-tailed test was applied 
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Table 47: Testing difference in variance of morphological traits 
between individuals homozygous or heterozygous at the MN blood 
group locus in the Gujarati Indian Male population 
(11 = 325) 
(F-test Variance ratio test) 
I Morphological Trait S2 homo S2 hetro F-ratio 
(0=179) (0=146) 
Stature 4560.36 2565.62 1.78 • 
Sitting Height 1384.69 832.27 1.66 • 
\Weight " 0.022 0.014 1.57 • 
Biacromial Diameter 297.56 279.97 1.06 
\BicoOdYlar diam. of humerus 26.85 18.91 l.42 • 
Bicondylar diam. of femur 25.09 26.59 0.94(1.06) 
Bi-iliac diameter 329.92 326.16 1.01 
Head circumference 295.29 257.15 1.15 
Upper arm circumference * 0.006 0.009 0.67( 1.50)· 
Thigh circumference .. 0003 0.004 0.75(1.33) 
\ Calf circumference " 0.003 0.005 0.600.67)· 
Wrist circumference 185.19 138.07 1.34 • 
I Ankle circumference 300.23 223.09 1.34 • 
Triceps Skinfold .. 0.134 0.152 0.88(1.13) 
Biceps Skinfold " 0.125 0.168 0.74(J .34). 
Subscapular skinfold .. 0.117 0.160 0.73(1.37) 
Suprailiac skin fold * 0.127 0.201 0.63(1.58)' 
Calf skinfold * 0.114 0.120 0.95(1.05) 
I Pattern Intensity 4.04 4.72 0.85(1.17) 
ITotal Ridge Count 202.70 202.58 1.00 
I Endomorphic Somatotype 1.54 1.55 1.00 
Mesomorphic Somatotype 1.433 1.61 0.89(1.12) 
Ectomorphic Somatotype 0.975 0.601 1.62 • 
Sum of 4 skin folds " 0.107 0.111 0.96(J .04) 
'1. Body fat .. 0.063 0.064 1.00 
I Absolute body fat " 0.100 0.089 1.12 
Fat free mass .. 0.110 0.110 1.00 
Factor I 0.980 1.035 o 95(}.05) 
IFactor 2 1.754 1.513 1.16 
Factor 3 0.950 0.671 1.41 • 
Factor 4 1.024 1.122 0.9J(1.09) 
Factor 5 0.816 0.897 0.9J(1.09) 
IFactor 6 0.819 0.828 0.990.0J) 
.. data subjected to log e transformation 
+ = significantly different values (p < 0.05) 
values in brackets indicate where the two-tailed test was applied 
Could the pooling of homozygote genotypes possibly explain why the 
variance of morphological traits in homozygotes is larger than in 
heterozygotes? This is what Chakraborty and Ryman (1983) 
demonstrated analytically. No indication of this was noted in the English 
population. but could it occur in the Gujarati Indian population? Tables 
48-S I show the results of testing the difference in variance of the 
morphological traits between the different genotypes at each of the 4 loci 
studied in this population. At the EsD locus the number of homozygote 
individuals totalled 244. Only 7% of these were of genotype 22. the rest 
being of genotype 11 so. strictly speaking. to look at genotype pooling is 
not feasible due to the relatively low numbers of genotype 22 out of the 
total number of homozygotes. However. on carrying out F tests to test 
the difference in morphological variance between genotypes 11121 and 
also 22121. both sets of results indicated homozygotes to be more 
variable at the morphological traits than the heterozygotes. So. by 
separating the homozygote genotypes. and carrying out F tests with the 
heterozygote genotype 21. there has been no indication of reduced 
morphological variance in homozygotes. Hence. no support was given to 
the theory of additive allelic effects. In total there were IS significantly 
different F test results (p<O.OSl at the EsD locus. 11 significant results 
when an F test between genotypes 11 and 21 were carried out and 4 
when a test between genotypes 22 and 21 was carried out. Only I of 
these results indicated homozygotes to be less variable than 
heterozygotes. 
At the AP locus. the number of homozygous individuals totalled 206. 
19% of these were of genotype AA and the rest of genotype BB. F tests 
to show the difference in morphological variance between genotypes 
AAI AB and also BBI AB were carried out. In the former S results were 
significantly different (p<O.OSl indicating a larger variance in 
homozygotes than heterozygotes in the morphological traits and in the 
latter there were 6 results indicating the same relationship. Only I 
result was significantly different (p<O.OSl indicating homozygotes to be 
less variable than heterozygotes. So. on comparing these results with 
those where the homozygotes were pooled together. there is no 
indication of genotype pooling being a possible explanation for the larger 
variance noted in homozygotes. 
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At the PGM -I locus, when an F test was carried out to test the difference 
in morphological variance between genotypes 11/21, 8 results greater 
than I were significantly different (p<O.OS), indicating that the 
homozygotes were more variable than the heterozygotes. There were no 
significantly different results (p>O.OS) to indicate the reverse situation to 
be true. Hence, when compared to the results of the F tests with pooled 
homozygotes at this locus, no difference is noted to suggest genotype 
pooling influencing the larger variance in homozygotes. However, a 
different result is noted on carrying out an F test between genotypes 
22/21. Stature, sitting height and ankle circumference have 
significantly different F values (p<O.OS) indicating homozygotes to be less 
variable than heterozygotes. When an F test was carried out with pooled 
genotypes at this locus (Table 46), no significantly different results 
(p<O.OS) were noted. This is the first indication of the larger variability 
in homozygotes, possibly being due to additive allelic effects. 
At the MN blood group locus, 179 homozygote individuals were noted. 
Of these 28% were of the genotype NN and the rest of genotype MM. F 
ratio tests to test the difference in morphological variance between 
genotypes MM/MN and also NN/MN was carried out. . No evidence was 
given in the results to suggest that homozygotes were less 
morphologically variable by separating the homozygote genotypes than 
when they are pooled together at this locus. 
To conclude, only at the PGM -1 locus, when an F ratio test was carried 
out between genotypes 22121, was there any evidence to support 
Chakraborty and Ryman's (1983) theory of additive allelic effects. 
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TabJe -48: Testing difference in variance of morphological traits 
between the genotypes at the IsD enzyme locus in the Gujarati Indian 
MaJe population 
(N = 325) 
Morphological Trait S211 S221 s222 F-ratio F -ratio 
(n=226 ) (n=8!) (n=18) 11121 22121 
I 
, 
I 
+ I: I Stature 3959.80 2056.82 7538.06 1.92 + 3.66 
I Sitting Height 1908.77 1.22 2.02 1149.16 941.47 + , I Weight * 0.012 O.oJ5 0.016 0.800.25) 1.07 
I Biacromial Diameter 295.73 279.61 264.02 1.06 0.94(1.06) 
I Bicond diam. of humerus 1805 16.61 18.30 1.09 1.10 
r I Bicond diam. of femur 25.26 25.24 31.21 1.00 1.24 I Bi-iliac diameter 331.92 280.68 504.85 1.18 1.80 
+ I IHead circumference 330.44 254.84 283.65 1.30 1.11 
I Upper arm circum. * 0.006 0.011 0.006 0.54(1.83)+ 054( 1.83) I 
IThigh circumference * 0.008 0.004 0005 2.00 + 1.25 I, 
Calf circumference * 0.012 0.003 0.006 4.00 + 2.00 + I 
Wrist circumference 127.29 124.47 111.83 1.02 0.900.10) 
Ankle circumference 333.77 234.13 299.29 1.42 + 1.28 
Triceps Skinfold • 0.264 0.157 0.195 1.68 + 1.24 
IBiceps Skinfold * 0.413 0.201 0431 2.05 + 2.14 
ISubscapular skinfold * 0.124 0.174 0.1040 0.70.40) + 0.800.24) 
ISuprailiac skinfold * 0.160 0.165 0.143 o .97( 1.03) 0.870.15) 
Calf skinfold • 0.114 0.094 0.108 1.21 1.15 
I 
Pattern Intensity 4.38 3.14 3.47 1.26 1.10 
Total Ridge Count 213.72 1042.55 210.76 1.49 + 1.48 
Endo Somatotype 2.56 2.10 2.89 1.22 1.38 
IMeso Somatotype 1.49 1.86 1.71 0.80(1.25) 0.9Z( 1.08) 
Ecto Somatotype 1.10 0.886 0.765 1.27 o .86( 1.16) 
Sum of <I skinfolds • 0.234 0.149 0.208 157 + 1.39 
% Body fat • 0.091 0.080 0.099 1.13 124 
Absolute body fat • 0.190 0.134 0.183 1.42 + 1.36 
Fat free mass • 0.0104 
I 
om 1 0.016 1.27 1.45 
Ifactor I 1.132 0.817 1.810 1.38 + 2.21 + 
Ifactor 2 1.056 0.643 2.060 1.64 + 3.20 + 
I factor 3 1.986 1.322 2.340 1.30 + 1.77 
I factor 4 1.111 0.745 0.928 1.49 + 1.25 
Ifactor 5 1.231 1.091 1.624 1.12 149 + 
Ifactor 6 1.368 1.031 1.767 1.33 1.71 + 
• data subjected to loge transformation 
+ = significantly different values (p ( 0.05) 
Yalues in brackets indicate where the two-tailed test was applied 
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14.62 + 
7.-41 + 
2.36 , 
-4.10 
2.32 
2.65 
5.86 
3.21 
12.12 + 
3.042 
15.21 + 
2h2 
-4.13 
-4.96 
5.99 + 
-4.39 
2.12 
0.96 
0.18 
3.042 
2.14 
2.93 
2.57 
6.02 + 
3.21 
5.07 
3.12 
8.94 + 
12.26 + 
5,41 
5.00 
4.96 
3.604 
Table -49: Testing difCerence in variance of morphological traits 
between the genotypes at the AP enzyme locus in the Gujarati Indian 
Male population 
(N = 3Zl) 
Morphological Trait S2 AA S2 AB S2 BB F-ratio F-ratio 
(n=39) (n=115) (N=167) AA/AB BB/AB 
I Stature 345638 2598.72 4511.49 1.33 1.74 + 
I Sitting Height 849.49 866.12 1377.66 098( 1.02) 1.59 + 
Iweight * 0.014 0.01:5 0.012 0.930.07) 0.80(1.25) 
Biacromial Diameter . 407.34 294.89 267.07 1.38 0.900.10) 
I Bicond diam. of humerus 19.37 22.14 18.02 0.870.14) 0.8](1.23) 
Bicond diam. of femur 1537 24.39 27.22 0.630.59) 1.11 
IBi-iliac diameter 405.26 33051 397.52 1.23 1.20 
Head circumference 226.87 219.49 224.01 1.03 1.02 
I Upper arm circum. * 0.018 0010 0.016 1.80 + 1.60 + 
IThigh circumference • 0.005 0.004 0.003 1.25 0.750.25) 
I Calf circumference .. 0.003 0003 0003 1.00 1.00 
I Wrist circumference 204.98 142.95 197.11 1.43 1.38 + 
IAnkle circumference 256.26 262.39 306.11 0.980.02) 1.17 
Triceps Skinfold • 0.245 0.156 0.182 1.57 + 1.17 
Biceps Skinfold .. 0.660 0.182 0.411 3.62 + 2.25 + 
Subscapular skinfold • 0.118 0.172 0.122 0.690.46) 0.71( 1.41)+ 
Isuprailiac skin fold • 0.169 0.153 0.165 1.10 1.08 
Calf skinfold • 0.120 0.113 0.107 1.06 0.95(1.05) 
I Pattern Intensity 357 435 394 0.82(1.22) 090(1.10 ) 
ITotal Ridge Count 174.28 202.86 195.36 0.86(1.16) 0.96(1.04) 
Endo Somatotype 2.89 2.11 2.30 1.37 1.09 
Meso Somatotype 1.43 1.97 0.923 0.720.38) 0.47(2.13)' 
Ecto Somatotype 1.06 1.21 0.923 0.880.14) 0.76031 ) 
Sum of 4 skinfolds .. 0.223 0.143 0.182 1.56 • 1.27 
% Body fat .. 0.155 0.067 0.094 2.31 • 1.40 
I Absolute body fat • 0.133 0.120 0.100 1.11 0830.20) 
Fat free mass • 0.010 0.010 0.010 1.00 1.00 
Factor I 1.513 1.027 0.949 1.46 0.92(1.08) 
Factor 2 0.953 0.749 1.195 1.33 1.59 
I Factor 3 1.208 1.074 0.908 1.12 0.840.18) 
IFactor 4 0.928 1.072 0.995 0.860.15) 0.930.08) 
Factor 5 0.476 1.224 0.994 0.39(2.57). 081(1.23) 
IFactor 6 1.450 1.059 0.981 1.37 0930.08) 
AP. genotypes CB. CA and CC were not included in the analysis due to low 
numbers 
.. data subjected to loge transformation 
+ = significantly different values (p < 0.05) 
values in brackets indicate where the two-tailed test was applied 
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7.21 + 
5.99 + 
0.26 
1.24 
3.21 
0.16 
2.36 
4.01 
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3.92 
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4.10 
3.21 
4.42 
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4.03 
3.62 
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2.16 
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0.93 
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Table ,0: Testing difference in variance of morphological traits 
betveen the genotypes at the PGM-l enzyme locus in the Gujarati 
Indian Male population 
CN = 3Z,) 
I 
I Morphological Trait S211 S221 S222 F-ratio F-ratio (n=I'lO) (n=144) (N=3D 11121 22121 
! I Stature 389757 3662.86 2292.86 1.06 0.620.60)·, 
I Sitting Height 1184.78 1202.23 550.83 0.98(1.02) 045(218) •. 
Iweight * 0.014 0.012 0.014 1.17 1.17 
Biacromial Diameter . 28398 270.49 321.99 1.05 1.19 
IBicond diam. of humerus 20.04 20.17 17.83 0.990.01) 0.88(13) , 
I Bicond diam. of femur 30.23 21.27 25.57 1.42 • 1.20 
IBi-iliac diameter 317.54 335.99 317.71 0.95(1.0:» 0.94(1.06) 
I Head circumference 258.&2 212.02 283.25 1.22 1.33 
IUpper arm circum. * 0.010 0005 0.010 1.67 • 1.67 • 
IThigh circumference * 0.008 0.003 0.008 2.67 • 2.67 • 
I Calf circumference * 0.006 0003 0.009 2.00 • 300 • 
I Wrist circumference 135.93 117.28 13154 1.16 1.12 
I Ankle circumference 252.11 187.14 125.49 1.3:'> • 0.67(49). 
ITriceps Skinfold + 0165 0.122 0136 1.35 • 1.11 
I Biceps Skinfold + 0151 I 0137 0144 1.10 1.05 
I Subscapular skinfold + 0152 0120 0167 1.27 1.39 
I Su prailiac skinfold * 0.149 0178 0.148 0.84(119) 0.830.20) 
Calf skinfold * OIlS 0106 0.081 1.08 0.760.31) 
/ Pattern Intensity 3.76 4.48 3.028 0.84(1.19) 0.670.48) 
ITotal Ridge Count 181.43 208.21 199.51 0.87(1.15) 0.%0.04) 
Endo Somatotype 1.99 l.51 1.84 1.24 1.14 
Meso Somatotype 1.87 1.38 1.23 1.35 • 0.89(10) 
Ecto Somatotype 1.03 1.05 1.02 0.98(1.02) 0.970.03) 
Sum of 4 skin folds * 0134 0.113 0134 1.18 1.18 
,. Body fat * 0.071 0.059 0.085 1.20 1.44 
/ Absolute body fat * 0.125 0.093 0.124 1.3:'> • 1.33 
Fat free mass + 0.009 0.010 0.013 0.90(1.10) 1.30 
Factor I 1.040 0.942 1.143 1.10 1.21 
Factor 2 1.114 0.978 0.488 1.14 049(200)· 
I Factor 3 0.969 1002 1.203 0.97(1.03) 1.20 
/Factor 4 0.919 1.124 0.873 0.820.22) 0.78(1.29) 
,factor 5 1.044 0.944 1105 1.10 1.17 Factor 5 1.986 0.969 2.656 2.05 • 2.74 • 
+ data subjected to loge transformation 
• = significantly different values (p < 0.05) 
values in brackets indicate where the two-tailed test was applied 
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4.75 
5.91 
2.12 
0.34 
0.21 
3.54 
2.44 
3.92 
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2.12 
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2.31 
0.93 
1.42 
4.93 
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2.14 
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Table 51: Testing difference in variance of morphological traits 
between the genotypes at the MN Blood Group locus in the Gujarati 
Indian Male population 
(N = 325) 
I Morphological Trait S2MM S2 MN S2 NN F-ratio F-ratio i (n=128) (n=146 ) (N=51l MM/MN NN/MN 
! 
I Stature 4181.04 2565.97 5187.97 1.63 + 2.02 
1 Sitting Height 1346.30 832.36 1467.36 1.62 + 1.76 
IWeight • 0.026 0.014 0.018 1.86 + 1.28 
IBiacromial Diameter . 306.35 279.97 280.76 1.09 1.00 
I Bicond diam. of humerus 26.07 14.91 30.13 1.75 + 2.02 
+ 
+ 
+ 
IBicond diam. of femur 25.11 26.59 25.29 0.94(1.06) 0.95( 1.05) 
I Bi- iliac diameter 302.81 326.16 405.31 0.93(1.07) 1.24 
1 Head circumference 298.13 257.15 33554 1.16 1.30 
" 0.007 0.009 IUpper arm circum. 0.005 0.78(1.28) 0.5')0.80 )+ 
IThigh circumference • 0.004 0.004 0.002 1.00 0.5(l(2.00)+i 
I Calf circumference • 0.003 0.003 0.003 1.00 1.00 
1 Wrist circumference 200.57 138.07 163.S1 l.45 + 1.19 
I Ankle circumference 318.38 223.09 288.70 1.43 + 1.29 
ITriceps Skinfold • 0130 0.152 0.143 0.850.17) 0.94(1.06) 
Biceps Skinfold • 0.117 0.168 0.144 0.700.43)+ 0.860.17) . 
ISubscapular skinfold • 0.115 0.160 0.123 0.720.39)+ 0.77<1.30) 
ISuprailiac skinfold " 0.128 0.201 0.125 0.640.57)+ 0.62( 1.611 
1 Calf skinfold " 0.111 0.104 0.120 1.07 1.15 
I PaUern Intensity 3.80 3.95 4.72 0.%(1.04) 1.19 
ITotal Ridge Count 20383 184.75 202.58 1.10 1.10 I 
1 
IEndo Somatotype 1.53 1.55 2.08 0.99( LOll 1.34 
IMeso Somatotype 1.35 1.61 1.80 0.840.19) 1.12 
!ECto Somatotype 1.11 0.601 1.10 1.85 + 1.83 + 
1 Sum of 4 skinfolds " 0.105 0.111 0.143 0.940.06) 1.29 I 
1% Body fat " 0.063 0.064 0.071 0.98(1.02) 1.10 
1 Absolute body fat • 0.105 0.089 0.129 1.18 1.45 + 
1 Fat free mass • 0.009 0.011 0.010 0.82(1.22) 0.91(1.09)+ 
1 
Factor I 0.954 1.035 1.017 0.92(1.18) 0.98(1.02) 
Factor 2 1.734 1.513 1.694 1.15 1.12 
Factor 3 0.867 0.671 1.064 1.29 1.58 + 
Factor 4 1.134 1.122 0.977 1.01 0.87(1.15) 
Factor 5 0.778 0.897 1.229 0.870.15) 1.37 
Factor 6 0.801 0.828 1.138 0.970.03) 1.37 
• data subjected to loge transformation 
+ = significantly different values (p ( 0.05) 
values in brackets indicate where the two-tailed test was applied 
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.f.62 
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3.67 
0.24 
2.86 
16.41 + 
18.92 + 
3.21 
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4.99 
2.04 
1.46 
3.21 
5.97 
0.21 
0.64 
0.61 
0.91 
0.19 
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1.84 
2.12 
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The coefficient of variation (CV) of the morphological traits for 
homozygous and heterozygous classes were compared at each of the four 
loci studied. Table 52 shows the results of this test with 69 out of 108 
heterozygote values being lower than their respective homozygote values, 
hence indicating heterozygotes to have a lower morphological variability. 
At the EsD locus, 23 out of 27 values showed lower heterozygote values 
and, in the case of AP, PGM-l and MN, 14127, 18127 and 14/27 
respectively. The sum of the coefficient of variation (!.CV) and the mean 
coefficient of variation.( CV) were calculated for each biochemical loci. 
For four of the measurements, namely: sum of 4 skinfolds, percentage 
body fat, absolute body fat and fat free mass, the !.CV and CV was 
calculated separately. However, in all cases, the CV of the 
morphological traits for the heterzygous classes was lower than that for 
homozygous classes at each loci. 
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Table 52: Coefficient of variation (CV) of morphological traits for 
homozygous and helerozygous classes for the loci studied in the 
Gujarati Indian Male population 
EsD n=325 AP n=325 PGM-I n=325 MN n=325 
Morphological trait homo hetero homo hetero homo heterc homo hetero 
~=244 n=81 n=206 n=1I9 n=181 n=l4~ n=179 n=325 
1 Stature 3.67 255 3.71 2.84 3.41 3.41 3.81 2.86 
1 SiUing height 3.74 3.30 389 3.13 3.54 3.73 4.01 3.11 
IWeight • 259 2.87 256 2.84 2.75 255 3.45 2.80 
Biacromial diameter 4.25 4.14 4.24 4.19 4.22 4.23 4.28 4.15 
IBicond diam humerus 6.02 5.64 6.04 6.70 6.25 6.35 7.46 5.18 
IBicond diam femur 5.34 5.24 5.28 545 5.71 4.85 5.27 5.43 
IBi-iliac diameter 6.94 6.21 7.45 7.00 6.72 6.84 6.80 6.72 
1 Head circumference 3.24 2.75 2.60 2.83 2.81 2.52 2.91 2.77 
Upper arm circum • 2.39 1.89 2.84 1.70 1.69 1.32 1.39 1.70 
Thigh circum • 1.88 1.06C 0.92~ 0.92~ 2.94 0.92 0.902 0.%0 
Calf circum • 3.71 1.01~ 0.93 o.%~ 1.92 0.95 0.92. 0.970 
Wrist circumference 642 6.28 8.19 6.78 6.61 6.17 8.85 6.64 
Ankle circumference 8.38 6.85 7.48 7.17 6.80 6.11 8.85 6.69 
Triceps skinfold • 27.38 18.38 21.25 18.32 18.67 16.29 17.29 17.97 
Biceps skin fold • 54.34 30.29 32.15 29.10 26.21 25.85 24.53 27.73 
1 Subscapular skin fold • 14.67 16.80 14.42 16.65 16.03 14.33 14.33 16.11 
ISuprailiac skinfold • 14.90 14.93 15.19 14.38 14.24 15.73 13.38 16.42 
Calf skinfold • 16.87 1546 16.40 16.73 16.83 16.08 16.82 16.15 
Pattern intensity 14.99 12.93 1425 14.90 13.77 15.35 1441 14.56 
Total ridge count 10.50 8.51 9.% 10.08 9.75 1035 10.25 9.73 
Endomorphic somatotype 40.98 37.14 41.47 37.40 36.80 34.07 34.20 3657 
28.55 31.94 27.97 31.56 30.33 28.04 27.94 28.24 1 Mesomorphic somatotype 
Ectomorphic somatotype 43.27 37.12 40.84 42.62 42.00 41.30 41.44 35.29 1 
r..cv 325.02 273.18 90.04 284.20 81.03 267.35 73.52 268.76 
CV 14.13 11.88 11.44 1235 12.22 11.61 11.89 11.68 
Sum of 4 skinfolds • 14.28 1040 14.26 10.15 9.94 9.16 8.99 9.06 
1% Body fat • 12.89 10.02 15.28 905 963 8.66 9.00 9.01 
1 Absolute body fat • 16.75 1448 1302 13.60 14.07 1213 1273 11.90 
IFat free mass + 302 2.54 2.37 2.39 2.35 241 235 252 
1 Ir..cv 46.94 37.62 44.93 35.19 35.99 3236 33.07 32.49 
Icv 11.73 9.40 11.23 8.80 8.99 8.09 8.27 8.12 l 1 
• Data subjected to lOSe transformation 
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The coefficient of variation (CV) of the morphological traits at the EsD, 
AP, PGM-I and MN loci in the Gujarati Indian population are shown in 
Table 53. The genotypes were all separated in order to study whether 
there were any differences in the CV values of the morphological traits 
when comparing separated homozygous genotypes with the heterozygous 
genotypes. The CV for the sum of 4 skinfolds, percentage body fat, 
absolute body fat and fat free mass was calculated separately. At the 
EsD, AP and MN loci the "iCV and CV values of the heterozygotes for the 
morphological traits were lower than those of the homozygotes. It was 
only at the PGM -I locus that the homozygous genotype 22 showed 
marginally smaller "iCV and CV values than the heterozygous genotype 
21. However the "iCV and CV for the PGM-I genotype 11 has increased 
from that noted when the homozygotes were pooled. So one homozygote 
genotype has smaller "iCV and CV scores than the heterozygotes 21 and 
the other has larger scores. No definite indication of additive allelic 
effects is given from these results. 
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Table: :53 Coefficient of variation (CV) of the morphological traits of the loci studied in the Gujarati Indian 
Male population 
EsD n 0 325 AP n ~ 325 PGM-1 n·325 MN n = 325 
Morphological traits 11 21 22 AA AB BB 11 21 22 MM MN NN 
n=226 n~SI n=18 n=39 n=115 n o 167 n =1 ')0 n·l44 n·H n=128 n=146 n 0 51 
Stature 355 255 4.94 3.30 2.88 379 354 3,41 2.70 3.64 2.86 4.11 
Sitting height 365 330 4.76 3.10 3.1S 4.01 372 3.73 2'53 395 3.11 415 
Weight .. 256 2.87 2.91 2.72 2.89 2.51 2.76 255 2.76 3.60 2.80 344 
Biacromia1 diameter 4.27 4.14 4.07 4.99 4.26 4.06 4.08 423 4.37 435 4.1) 4.16 
Bicond diameter humerus 6.0 I 564 5.92 6.22 663 6.01 6.33 6.35 5.94 531 5.18 587 
Bicond diameter femur 5.31 524 587 4.17 5.19 '5.48 5.79 485 5.34 526 543 532 
Bi-iliac diamettlr 6.83 6.21 8.31 7.47 739 7.4'5 6.69 6.84 651 6.'52 6.72 7.55 
Head circumference 364 2.7'5 3.04 2.62 2.57 259 2.79 252 2.93 304 2.77 2.82 
Upper arm circumference* 2.39 1.89 1.87 2.71 1.73 2.92 1.68 1.32 1.75 1,4'5 1.70 1.24 
Thigh circumference .. 1.89 1.06 1.42 1.11 0.939 0.875 2.92 0.920 302 0.9'50 0.960 077'5 
Calf circumference .. 372 1.02 0.66 0.984 0.973 0.919 1.86 0.960 2.70 0.910 0.969 09'58 
Wrist circumference 6,4'5 6.28 6.08 8.17 6.77 8.18 6.63 6.17 6.'58 7,49 664 7.04 
Ankle circumference 939 68'5 8.26 7.20 7.23 7.58 7.11 6.11 5.04 933 6.69 7,47 
Triceps skin fold .. 32.22 18.38 2'530 2494 18.62 20.90 19.05 16.29 16.97 17.18 17.97 17)2 
Biceps skinfold .. '58.37 30.29 '52.93 35.18 29.29 32.13 26.44 2'5.85 2'5.44 24.08 27.73 25,43 
Subscapular skin fold .. 14.62 16.80 1482 14.42 16.89 14.45 15.98 14.33 16.42 14.32 16.11 14.42 
Supl'ailiac skinfo1d .. 14.98 14.93 13.45 15,47 14.44 15.16 14.32 15.73 14.03 13.50 16.42 13.14 
Calf skin fold .. 16.92 15.46 15.30 17.30 16.97 16.24 16.93 16.08 1522 16.76 16.16 16.77 
Pattern intensity 15.41 12.93 13.35 13.68 1'506 14.42 14.04 1'5.35 12.60 14.13 14.41 15.74 
Total ridge count 1052 851 10,45 9,43 10.14 10m 9.56 1035 10.28 1025 9.73 1031 
Endomorphic somatotype 42.90 37.14 40.48 45,45 38.00 40.87 3736 34.07 34.52 34.74 3657 32.113 
Mesomorphic somatotype 2855 31.92 28.02 28.81 31.74 27.8'5 31.12 28.04 26.10 27.64 28.24 31.20 
Ectomol'phic somatotype 42.98 3712 4373 44.06 43.18 40.21 42.91 41.30 4125 42.89 35.29 41.81 
reV 337.13 273.18 315.94 0350 286.96 288.61 83.61 267.3:5 26:5.00 74.93 268.76 274.07 
CV 14.65 11.88 13.74 13.19 12.48 12.55 12.33 11.61 11.:52 11.9') 11.68 11.92 
Sum of 4 skin folds .. 14.24 10.10 14.44 9.99 18.25 12.11 9.98 9.16 9.85 8.96 9'cJ6 10.17 
5Body fat * 12.91 10.02 1203 754 9.16 14.98 9.51 8.66 1035 9.01 9.01 938 
Absolute body fat .. 17.74 14.48 1622 14.65 13.80 12.65 14.13 12.13 13.99 13.09 11.90 13.75 
Fat free mass .. 2.81 2.54 351 2.45 243 232 2.26 2.41 2.77 2.28 2.52 2.41 
reV 47.70 37.62 46.20 34.63 43.64 42.06 3:5.88 32.36 36.96 33.34 32.49 3:5 .71 
cv 11.92 9.40 11.:5:5 8.65 10.91 10.:5 I 8.97 8.09 9.24 8.33 8.12 8.93 
"Data subjected to loge transformatIOn 
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The variance (S2) and coefficient of variation (CV) of m ultilocus 
heterozygosity for 27 morphological traits in the Gujarati Indian 
population was studied (Table 54). Each individual was assigned a 
heterozygosity score ranging from 0 (all four loci homozygous) to 4 (all 
four loci heterozygous) making a total of 5 categories. The highest 
number of individuals was noted in category I (n = 103) and the lowest 
in category 4 (n = 13). For each morphological trait the S2 and CV was 
? 
calculated. The mean variance (S· ) and the mean coefficient of variation 
(CV) was also calculated for all the morphological traits. However the 
sum of 4 skinfolds, percentage body fat, absolute body fat and fat free 
"2 
mass were totalled separately and their and S calculated separately. 
As the degree of heterozygosity increased, the S2 and CV was noted to 
decrease in 20 of the 27 morphological traits for S2 and 21 out of 27 
traits for CV. The regression values and their associated probability are 
also shown in Table 53. Many of the traits show high r values indicating 
that there is an inverse relationship between morphological variance and 
heterozygosity. 
Figures 37 -39 show regression graphs of variance against the number of 
heterozygous loci for each of the six factors derived from factor analysis, 
hence factors representing the morphological traits studied. All six 
graphs show a negative slope. The R2 scores ranging from 0.082 (Factor 
4) to 0.75 (Factor 2). These R2 scores are lower than those observed in 
the English population but the conclusion drawn from the results of this 
population also indicate that as the degree of heterozygosity increases, 
the morphological variance decreases. 
Table 54:: The Variance. Coefficient of Variation and Correlation 
Coefficient of Multi-loci Heterozygosity for Z3 Morphological Traits in 
the Gujarati Indian Male Population 
(N = 3Z5) 
I MORPHOLOGICAL MULTI-LOCUS HETEROZYGOSITY 
TRAIT 
0 1 2 3 4 r P 
(N=65) (N=103 ) (N=89) (N=55) (N=13 ) 
Slature 52 5096.70 4338.56 3134.44 1826.02 215253 -0.95 O.oI I 
CV 4.06 371 3.15 2.15 2.63 -0.90 0.04i 
Sitting height S2 1389.90 1314.11 937.23 807.32 119327 -0.57 031
1 CV 404 3.90 3.29 3.07 3.76 -0.53 0.3 
I Weight * S2 0.01 om, 0.01" 0.01' om, 0.78 0.12 
CV 2.47 255 2.83 2.86 2n 0.76 0.13 
Biacomial Diameter S2 369.25 215.90 297.25 22401 238.03 0.62 0.26 
CV 4.79 363 4.28 372 , 3.78 -0.62 0.261 
Bicond diam hum 52 27.41 29.98 2138 16.25 13.59 -0.93 0.02 
1 CV 7.38 7.75 6.54 5.65 5.26 -0.93 0.02 
Bicond diam femur 52 26.96 2555 24.15 30.78 1159 -0.55 0.31 
CV 551 5.31 5.15 585 3.57 -0.60 0.29 
I Bi-iliac diameter 52 309.41 304.15 393.74 301.22 324.08 0.11 0.86 
CV 6.63 650 7.38 6.48 6.77 0.11 0.86 
Head circum 52 207.27 256.30 235.42 269.15 142.60 -0.37 0.54 
CV 2.10 2.78 2.66 2.82 2.07 -0.43 0.47 
Upper arm circum* 52 O.OOf 0.00' 0.00' O.OJ( O.oJ' 0.92 0.D3 
CV 1.12 151 146 1.74 1.39 0.54 034 
Thigh circum * 52 0.00' 0.00 O.OO~ 0.00 0.00, -0.71 0.1 
CV 1.17 0.90 0.99 0.87 0.09 -083 0.08 
I Calf circum * 52 0.00' 0.00 O.OO~ 0.00 0.00. -0.71 0.18 
CV 1.20 0.88 1.02 0.92 0.91 -0.65 0.23 
Wrist circum 52 14159 129.94 130.41 106.15 106.42 -0.94 0.02 
CV 6.74 6.53 6,46 5.92 5.74 -0.97 0.01 
Ankle circum 52 159.22 204.93 247.58 1 25104 119.67 -0.09 0.881 
CV 5.67 6.42 7.00 7.07 4.95 -0.14 0.82 
Triceps skinfo1d * 52 0.14 0.15 0.13 0.16 0.14 0.14 0.82 
CV 17,47 17.86 17.24 18.34 17.05 0.11 0.86 
Biceps skinfold * 52 0.18 0.25 0.16 0.10 0.13 -0.70 0.19 
CV 29.06 33.64 27.19 22.19 2-1.90 0.72 0.17 
15ubscap skinfold * 52 0.18 0.13 0.15 0.17 0.11 -0.55 032 
CV 16.88 14.91 11.95 16.27 13.65 -063 0.25 
15uprail skinfold • 52 0.12 0.14 0.20 1 0.18 0.14 0.38 05~1 CV 13.21 13.81 16.87 15.61 1374 0.29 0.63 
1 Calf skin fold * 52 0.09 0.13 0.11 0.08 0.10 -0.25 0.69J 
CV 15.70 17.78 16.90 14.49 15.91 -0.363 0.54 
I Pattern intensity 52 331 4.62 368
1 
435 3171-0.137 0821 
CV 13.00 15.64 14.16 14.88 12.71 -0.171 0.78 
TOlal ridge count 52 156.12 25342 172.96 165.96 16258 -0.29 0.62 
CV 8.93 1152 9.51 907 8.92 -035 056 
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lig1JCe 38: The Variance of Multi-Locus Beterozygozit'y 
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Evidence of an association between ABO and Rhesus blood group 
phenotypes and an increase or decrease in any of the quantitative 
characters was studied in the Gujarati Indian population. Table 55 
shows the mean scores of the morphological traits at the phenotypes of 
the ABO and Rhesus blood group loci in this population. One way 
analysis of variance was carried out to test for differences in mean scores 
at 27 morphological traits. No indication is given of any possible 
association. None of the morphological trait values at the ABO or Rhesus 
phenotypes were significantly larger or smaller with respect to one 
another. No evidence is given to support the findings of Borecki et al 
(I985). The S2 and CV of the morphological traits for the phenotypes of 
the ABO and Rhesus blood group loci in this population are shown in 
Tables 56-57. No differences are noted in S2 or CV between any of the 
phenotypes at the morphological traits. Hence, there is no indication of 
any relationship between genetic variability at the ABO and Rhesus loci 
and morphological variation. 
lR,\ 
Table 55: To show the mean scores of the morphological traits for the phenotypes of the ABO and Rhesus 
blood group loci in the Gujrati Indian Male population 
Morphological Taits A B AB 0 F3 P D+ D- f3 P 
n·92 n=1I2 n=24 n·97 n=3Z4 n=3007 n=25 n=324 
Stature 1678.43 1672.94 166375 175422 1.023 0382 169893 1751.50 3024 0.083 
Sitting height 935.00 927.16 931.96 920.41 3.156 0025 928.22 921.92 0837 0.361 
Weight " 4.211 4.190 4.20 4.19 0.597 0.617 4.20 4.22 1.'121 0.234 
Biacromial diameter 401.41 401.'15 39551 400.79 0859 0.'163 400.82 400.61 0.004 0952 
Bicond diameter humerus 68.02 69.58 66.96 67.92 0.'165 0.707 67.29 68.58 0953 0330 
Bicond diameter femur 95.73 95.14 94.37 94.31 1.390 0.246 95.07 94.27 0592 0.442 
Bi-iliac diameter 269.81 267.02 263.08 267.88 0.992 0.397 267.99 265.23 0.557 0.456 
Head circumference 568.41 570.77 570.33 57125 0237 0.870 57059 569.42 0.135 0.713 
Upper arm circumference" 3.051 3T50 3.470 3.210 0613 0.607 3.22 301 2.253 0.134 
Thigh circumference " 6.30 6.31 6.31 6.31 0330 0.804 631 6.33 4.604 0033 
Calf circumference " 3.50 3.'13 3.72 3.24 0350 0.789 341 349 7.726 0.006 
Wrist circumference 176.35 175.32 172.75 175.68 0.667 0573 175.28 178.35 1.774 0.184 
Ankle circumference 223.79 224.18 224.08 222.19 0.370 0.775 223.15 227.08 1753 0.186 
Triceps skinfold .. 2.06 2.12 2.12 2.13 0555 0645 213 2.16 2.973 0.086 
Biceps skinfold " 1.50 1.41 150 1.45 1.128 0.388 1.45 1.55 1.893 0.169 
Subscapu lar skinfold " 2.44 2.'10 2.'17 2.46 0592 0.621 2.43 2.51 1.204 027~\ 
Suprailiac skinfold " 2.71 2.65 2.81 2.60 1.164 0323 2.68 2.64 3.98 0.047 
Calf skinfold " 1.89 1.97 2.07 1.99 0773 0510 1.99 2.03 0254 0.6H 
Pattern intensity 1-100 1373 1350 1376 0540 0655 1382 1358 0352 0553 
Total ridge count 140.67 139.19 136.67 138.70 0.644 0587 13962 13535 2257 0.134 
Endomorphic somatotype 3.82 3.63 3.64 382 0.831 0477 3.73 363 3315 0.0&9 
Mesomorphic somatotype 423 4.22 4.37 4.42 0519 0649 4.24 4.85 5585 O.ot9 
Ectomorphic somatotype 2.50 2.55 2.19 2.31 1569 0.197 2.48 1.92 7.460 0.007 
Sum of 4 skin folds " 3.69 3.64 3.75 3.68 0.907 0.438 366 379 3064 0.081 
% Body fat " 2.82 2.79 2.89 2.81 1177 0318 2.80 2.90 3397 0.066 
Ahsolute body fat " 253 2.48 2.59 2.50 0.998 0394 2.49 2.62 3.129 0065 
Fat free mass .. 4.12 4.11 4.09 4.10 0.663 0575 4.11 4.11 0.076 078.\ 
"Data subjected to loge transformatIOn 
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Table 56: Showing the Variance of the Morphological Traits for the Phenotype of the ABO and Rhesus 
Blood Group Loci in the Gujarati Indian Male Population 
Morphological A B AB 0 D+ D-
Trait (n·92 ) (n-112) (n-24) (n-97) (n·300) (n .25) 
Stature 3553.94 3780.82 5556.11 314346 377403 192858 
Sitting height 946.29 117549 1418.30 1119.62 1190.00 465.91 
Weight .. 0.013 0.014 0.D11 0013 0.012 0.020 
Biacromial diameter 291.06 301.00 258.35 281.18 299.10 177.85 
Bicondylar diameter of humerus 18.90 1648 2935 22.47 19.53 22.81 
Bicondylar diameter of femur 24.90 29.53 14.42 23.90 25.93 23.16 
Bi-iliac diameter 324.53 380.99 36504 261.23 32323 39066 
Head circumference 25965 265.60 345.71 170.42 248.31 142.57 
Upper arm circumference .. 0.007 0.008 0.003 0.009 0.007 0.0 II 
Thigh circumference * 0.003 0003 0.002 0.004 0.003 0.006 
Cald circumference * 0.003 0.003 0.003 0.003 0.003 0.003 
Wrist circumference 13326 118.72 111.50 13466 126.22 128.47 
Ankle circumference 248.43 242.67 86.86 170.90 21765 118.15 
Triceps skinfold .. 0.132 0.130 0.127 0.172 0.139 0.177 
Biceps skin fold * 0.165 0.129 0.119 0.148 0.138 0213 
Subscapular skinfohl * 0.142 0.146 0.078 0.144 0.139 0.133 
Suprailiac skinfold .. 0.224 0.139 0.109 0.138 0.159 0170 
Calf skinfold * 0.109 0.097 0.082 0.130 0.107 0.1)9 
Pattern in tensity 4.94 3.44 365 3.85 4.08 2.97 
Total ridge count 236.77 162.57 175.97 196.88 198.65 13127 
Endomorphic somatotype 1.948 1.769 1.259 1.849 1.781 1.925 
Mesomorphic somatotype 1.847 1.598 1.495 1.396 1.590 1.40 I 
Ectomorphic somatotype 0956 1.24 0.80 0.903 1.010 1.054 
Sum 4 skinfolds .. 0.138 0.1I7 0.084 0.129 0.121 0.146 
% Body fat * 0.069 0.060 0.048 0.077 0065 0.084 
Absolute body fat " 0.116 0.105 0.061 0.121 0.105 0.158 
fat free mass " 0.008 0.010 0.012 0.010 0.009 0.01l 
• Data subject to log e transformatIOn 
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DISCUSSION 
The purpose of this study was to look as the relationship between 
morphological variation and genetic variation of enzyme and blood group 
loci in human populations. 
Although many studies have utilised a variety of organisms to study this 
relationship, there has only been a minimal amount of research 
attempting to correlate heterozygosity of biochemical systems to variance 
observed in qualitative morphological characters in human populations. 
The first of these was by Kobyliansky and Livshits (1983). They studied 
the relationship between heterozygosity of the loci of biochemical and 
morphological traits compared in 7 Jewish populations. This comparison 
was based, firstly on. the average heterozygosity of 6 bioche mical loci (4 
blood groups and 2 enzymatic ones) and, secondly, on 5 morphological 
characters. To assess the heterozygosity level of the quantitative traits 
(normal distribution) they found it useful to measure h - CUp.. (where CU 
was the coefficient of variation and p.. was the deviation of the population 
mean from the general average divided by the standard deviation of the 
general distribution), h represented an inverse measure of 
heterozygosity, The authors noted a marked negative correlation 
between biochemical and morphological heterozygosity. 
This study has focused on two Caucasian populations, the first of which 
was an English white Caucasian male population from the East Midland 
region and the second a population of Caucasian Gujarati Indian origin 
also from the East Midland region. 
In the English male population no significant departures from Hardy 
Weinberg expectations were observed for the three enzyme loci AP, EsD 
and PGM and the blood group locus MN. Hence it can be assumed that a 
random mating population was sampled. On comparing the gene 
frequencies of the biochemical systems in this study with those 
previously recorded by other researchers, a close agreement was noted 
(Hopkinson et ai, 1964; Harris et ai, 1966; Race et at, 1949). The 
population sample studied can be considered representative of the parent 
population. 
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In the Gujarati Indian male population. significant departures from 
Hardy Weinberg expectations were noted at the EsD and AP enzyme loci. 
due to an excess of homozygotes and a deficiency of heterozygotes. A 
number of possible reasons can be given to explain this. although it is 
most likely due to inbreeding. The Gujarati population sample was 
composed of 85.8% Hindus and 14.2% Muslims. In the Muslim religion 
cousin to cousin marriages are permitted and this kind of inbreeding 
results in a heterozygote deficiency. However in the Hindu religion 
cousin marriages are not permitted and they have a rigid caste system 
that makes marriages' outside their own caste very difficult. hence 
mating is not random. Every effort was made in this study to avoid 
collecting data from subjects who were related. Other explanations for 
the departure from Hardy Weinberg expectations could be mi5-scoring or 
population heterozygosity. As these departures were noted at the EsD 
and AP loci in the:Gujarati population, the gene frequencies of the 
individual castes were calculated. No departures from Hardy Weinberg 
expectations were noted at any of the five castes at either of these loci, 
but, in all cases, a negative D value was noted indicating a heterozygote 
deficit. A X2 heterogeneity test for AP, EsD, PGM-l and the blood group 
locus MN revealed no significant differences so, at all four loci. the castes 
were pooled for the analysis. 
On comparing the allele frequencies observed in the biochemical systems 
of the Gujarati population with those recorded by other researchers, a 
close agreement was noted. This indicates that the population sample 
studied is representative of the parent population (Blake et al, 1970; 
Bhasin et ai, 1985; Vyas et ai, 1958; Verma and Dongre, 1965; Desai, 
1955 ). 
The morphological traits studied included, 
measurements, but also fingerprint data. 
(1984), on carrying out a similar study, 
not only anthropometric 
Kobyliansky and Livshits 
looked at 48 morphological 
characters. many of which were related to each other. In this study the 
anthropometric measurements carried out were done so because they 
gave a good indication of overall body size. Also, in this study, 
somatotyping data were collected which gives an indication of present 
morphological conformation. Finger printing data have also never before 
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been used as a morphological trait in this kind of study. hence total 
ridge count and pattern intensity were inCluded. 
On comparing the results of the anthropometric data in the English male 
population with that of the Gujarati male population, differences are 
noted in human morphology between the two populations. The Gujarati 
population tended to be shoner in stature, have a lower body mass and 
less subcutaneous fat tissue. This is partially due to hereditable 
differences between the two populutions' but the possibility of some 
environmental effect still exists. The interaction of the genotype and the 
environment are discussed at some length by Bouchard (1985), however 
his research provides evidence of a significant GENOTYPE X 
ENVIRONMENT effect in anthropometric measurements, but only in the 
case of body weight and skinfold measurements. 
Environmental factors which affect body size could manifest themselves 
in many ways. The Gujarati populations have their descendents in a 
country with a hotter climate than that of England. A number of studies 
have suggested that the physical environment affects growth and, hence, 
body size, as it has been shown that, in warmer conditions, the length of 
the limbs is greater relative to the trunk, the distal segments are larger 
relative to the proximal segments of the limbs and the body tends to 
have smaller girth and transverse diameters, thus producing a lower 
weight per unit stature (Roberts, 1960). Crognier (1981) found a 
similar trend when considering three areas of the World i.e. the tallest 
and heaviest people were chiefly found in the regions of cold and/or wet 
climates and smaller. leaner ones in the hot and/or dry areas. 
Socio economic status could also explain the differences in body size of 
the two populations. In this study it was noted that the Gujarati Indians 
were mainly from social classes Ill. IV and V with almost half of them 
being in class IV. The majority of the English population were from class 
II and III with half of them being from class Ill. Clearly there is a 
difference in socio-economic status between the two populations and a 
wealth of studies have examined the impact of this on growth. In 
general the higher the social class the taller the individual (Bielicki, 
1981; Rosenbaum et al, 1985) but the correlation is not as straight 
forward as this because the more deprived groups, who tend to be social 
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class V (Registrar General's Classification), tend to be from larger 
families and higher levels of unemployment and these factors also 
correlate with stature (Oliver, 1977; Susanne, 1980 l. 
In order to study the relationship between morphological variability and 
heterozygosity in the populations, several tests were carried out. When 
the difference in mean of the morphological traits between homozygous 
and heterozygous groups at the EsD, AP, PGM-I and MN loci was tested 
few results in both populations studied showed any differences, Those 
that did could be explained by random chance alone, A similar result 
was noted when the percentage of 'Modal' individuals among the 
homozygous and heterozygous loci studied in both populations were 
compared, This agrees with the findings of Livshits and Kobyliansky 
(1983) who studied the PGM -I and MN loci in I sraeli Jewish populations, 
On testing the difference in variance of the morphological traits between 
the homozygous and heterozygous classes at the EsD, AP, PGM -I and MN 
loci, in both populations a difference was noted, The results strongly 
indicate that homozygotes have a larger variance than the heterozygotes 
at the loci studied, A similar result was noted on testing the difference 
in coefficient of variation of the morphological traits for the homozygous 
and heterozygous classes in both populations at these loci. 
Multi-locus heterozygosity was also studied in both populations, 
Although a strong relationship was noted in the English population, the 
general trend suggested that, as the number of heterozygous loci 
increased, the variance and the coefficient of variance decreased, A 
similar result was noted by Kobyliansky and Livshits (1984) when they 
studied a single Israeli Jewish population, 
The findings of this study agree with those noted in various animal 
species reported in recent years, Studies on the population of Monarch 
butterflies f}anaus plerippus (Eanes, 1978) and killifish, Fundulus 
neterocJitus (Mitton, 1978) have shown that heterozygotes for a set of 
enzyme loci display less variability of morphometric characters than do 
the homozygotes for the same loci, Kat (1982) found a strong negative 
correlation between average heterozygosity for five enzyme loci and 
deviation from bilateral symmetry in eight populations of aquatic 
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molluscs. ellipIJ~? cOllplanala. Leary et al (1983) studied the degree of 
~ymmetry in the rainbow trout, salmo/?airdneri and found the number 
of heterozygous loci to be negatively correlated with both the number of 
asymmetric characters and the magnitude of the asymmetry. Studies on 
the house sparrow, Plasser domesliclls, showed that the class of 
individuals of greatest allozyme heterozygosity nearly always exhibited 
the lowest multi-variate morphological variance and the class of greatest 
homozygosity nearly always exhibited the highest (Fleischer et al, 1983). 
Handford (! 980) suggested that homeotherms should be studied as well 
as poikilotherms. Although results here have not been conclusive. the 
negatively correlated relationship between heterozygosity and 
morphological variance has been shown. The example of the house 
sparrow, mentioned above, upholds this view. Support is added to the 
findings in this study by Livshits and KoJliansky (1983) who. on 
studying seven Jewish populations, noted a marked negative correlation 
between biochemical and morphological heterozygosity. It was 
suggested that inbreeding could be acting in this case but it is unlikely 
that inbreeding exerts an influence on the heterozygous frequency of 
both the 'biochemical' and 'morphological' loci. If it were so, then the 
observed negative correlation could have originated from the convergent 
influence of inbreeding on the various loci. However, when 
heterozygous and homozygous individuals from a single P<l t'\ mi c he 
population were compared, inbreeding was insufficient to explain the 
relationship between heterozygosity and morphological variability 
Livshits and Kobyliansky (1984). 
Morphological traits are not the only quantitative characters studied in 
humans. Oakeshott et al (1985) examined the effects of the protease 
inhibitor (Pi) polymorphism on alpha-I-antitrypsin concentration (AAT) 
and elastase inhibitory capacity (EIC). Their findings showed that EIC 
and AAT were much more variable among homozygoles at the Pi locus 
than the heterozygotes. So the view of heterozygotes being less variable 
than homozygotes is upheld again. Beckman and Beckman (1980) noted 
a similar finding; the AAT levels in heterozygotes showed a unimodal 
dimibmion while homozygotes had a tendency towards bi- modal 
distribution. 
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What mechanism is involved in this association of heterozygosity and 
morphological variance? Chakraborty (1982) notes that, on theoretical 
grounds, natural selection has been invoked to explain this phenomenon 
because by removing the morphological extremes, selection favours 
heterozygosity of structural loci. TureUi and Ginzberg (1983) offer 
mathematical support for the proposition that at a stable, viability-
maintained multi locus polymorphism, the fitness of the genotype tends 
to increase with the number of heterozygous loci it contains. However 
physiological mechanisms of the relationships between different sets of 
traits (biochemical and morphologicail and a contribution to fitness 
remain to be elucidated. It has been postulated that heterozygotes are 
able to function over a broader physiological range than homozygotes and 
thus are able to modulate reaction rates more effectively. Berger (1976) 
suggested that biochemical heterozygotes and homozygotes differ in their 
utilisation of energy during development and growth, but again direct 
evidence in favour of this hypothesis is lacking. If these hypotheses 
were correct then they would suggest that heterozygotes are better 
buffered against detrimental environmental conditions than homozygotes, 
so heterozygotes should show lower morphological variance than 
homozygotes. This is depicted in this study. Could multiple-locus 
dominance explain this relationship? Chakraborty and Ryman (1983) 
demonstrate analytically that the observation that within a population, 
the test phenotypic variation exists among the most heterozygous 
individuals can be explained by a simple addivity of genic effects that 
control the quantitative character in question. Thus the negative 
relationship between heterozygosity and phenotypic variation can be 
accounted for without invoking any selection hypothesis. 
The hypothesis of multiple-locus dominance starts with the assertion 
that: 
X(AiAi) :: X(AiAj) » X(AjAj) 
where Ai and Aj are the two alleles at a scor<>~ locus A 
and where X(AiAj) stands for the score of genotype AiAj for a measurable 
character (stature, weight etc.) 
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It also assumes that the same relation for a second locus B. and third, C. 
and so on. In this hypothesis one homozygote is superior to the other 
homozygote as well as the heterozygotes. Random association of loci and 
random mating ensures that in mUltiple homozygous individuals some 
loci will be homozygous for the superior allele and some for the inferior. 
so that the combined (multiple-locus) variance of these individuals will 
on average be larger than that of multiple heterozygous individuals. 
The results noted in this study do not support the multiple-locus 
dominance theory and. hence, neither Chakraborty and Ryman's 
explanation. Larger variance in homozygotes than heterozygotes was 
noted at almost all the loci studied in both populations even when the 
homozygous genotypes were separately tested v..'ith the heterozygous 
genmypes. 
Another hypothesis put forward that of balanced enzyme pathways. It 
can be formulated as follows: let A(Ai,Ajl. B(Bi.Bj) and C(Ci,Cj) be three 
loci that code for enzymes A.B,C, which are parts of the pathway a-+ b-+ c. 
It is assumed that the maximum flux along the pathway is obtained when 
the particular allelic forms of enzymes A, Band C form a 'balanced' 
combination. Let genotypes AiAiBiBi or AjAjBjBj be balanced, but 
genotypes AiAiBjBj or AjAjBiBi be unbalanced. Reasons why certain 
combinations of enzyme variants may form a more balanced pathway 
than others was described by Koehn et al (1988 I. An important part of 
the hypothesis is that single or double heterozygotes (eg. AiAiBiBj. 
AiAjBiBi or AiAjBiBj) are also balanced (even if not as balanced as the 
two balanced homozygotes). According to this hypothesis there is no 
intrinsic disadvantage to multiple homozygosity. Yet some multiple 
homozygous genotypes (eg AiAiBiBiCiCi) are much better balanced than 
others (eg. AiAiBjBjCkCk). Again, random association of alleles at 
different loci and random mating makes it almost certain that enzyme 
pathways will, on average, be better balanced in multiple heterozygosity 
than in multiple homozygotes (even though some rare multiple 
homozygous genotypes will be superior even to the most heterozygous 
ones). This hypothesis has several points in com mon with the multiple-
locus dominance hypothesis. The main difference between the two is 
that in the multiple-locus dominance hypothesis each locus exercises it's 
effect independently from the others, whereas in the balanced enzyme 
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pathways hypothesis the effect of a locus depends critically on the 
genotypes at other loci in the pathway. 
By assigning a causal effect of scored loci on the morphological 
variance/heterozygosity correlation the multiple-locus dominance 
hypothesis and the balanced enzyme pathways hypothesis clearly place 
more emphasis on the catalytic properties of the enzymes concerned and 
on the the catalytic differences among their allelic forms. Differences 
among allelic products are difficult to establish. it is easier to 
demonstrate that some enzyme loci have. by virtue of the function of 
their protein products. a stronger effect on the relationship noted 
between morphological variance and heterozygosity. No indication is 
given in this study of any locus having a stronger effect in the two 
populations studied. thus making these hypotheses unlikely. 
Koehn (1982) provided evidence to suggest the idea that intermediary 
metabolic enzymes may be more efficient in heterozygotes. This could 
result in greater developmental stability and. therefore. reduced 
morphological variance in heterozygotes. however. it seems unlikely 
that the two or four polymorphic loci used in their study are entirely 
responsible for the trend. Chakraborty (1983) notes that in all studies 
looking at the relationship between morphological variance and 
heterozygosity. heterozygosity per individual at the genomic level is 
inferred by studying a small number of electrophoretically detectable 
enzyme loci. Such inferences may be grossly in error. To explain the 
above observation by the hypothesis of developmental homeostasis 
would require the precise estimation of an individuals heterozygosity by 
the surveyed loci which is not the case. There is some evidence to 
suggest that electrophoretically determined bioche mical variation has 
measurable physiological consequences. some of which may modulate 
the phenotypic traits. Koehn et al (1983) reviewed extensive 
experimental evidence of this suggestion. 
Boerwinkle et al (1986) showed that several biochemical traits did indeed 
explain SUbstantial proportions of genetic variability of many 
quantitative traits. Thus. it is not totally unreasonable to assu me that 
major genes residing at close linkage distance from some of the 
electrophoretically determined markers are the factors that. at least 
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partially, control morphological variability. However, if this is the case, 
the observation of an association of heterozygosity with phenotypic 
variability may be a reflection of the additive effects of the loci 
underlying these traits. 
Morphological variation is considered to be controlled by genetic factors 
and fitness may also be genetically controlled. Hence the role of non-
genetic modifiers in determining phenotypes of such traits cannot be 
ruled out as a possibility. Furthermore, the task is further complicated 
since the number and nature of genetic loci involved in morphological 
and fitness related traits are not known and their relationships with 
structured biochemical loci are not clear. 
Overdominant selection at the electrophoretic and blood group loci has 
been proposed as a hypothesis to explain the association between 
phenotypic variance and biochemical heterozygosity. This suggests that 
heterozygosity at the protein loci may have a synergistic effect with that 
at the loci governing the morphological traits. However since the 
observed levels of linkage disequilibrium at the survey loci in natural 
populations is quite low (Langley et at 9174) it is unlikely that the 
correlation between heterozygosity levels at the biochemical loci and the 
loci governing morphological variation can be explained by multi-locus 
Wahlund effect alone. 
Several authors favour the hypothesis of associative overdominance 
selection (selection at closely linked protein loci) which is perhaps the 
most difficult hypothesis to comprehend as it relies heavily on the genetic 
structure of the population as well as the individuaL More than any 
other hypothesis, associative overdominance is a property of he 
population rather than the individual or the individual locus. It is based 
on arguments that follow directly from the assumption made by several 
authors (eg. Ohta 1971) that dispersed randomly in the genome are loci 
that segregate for recessive deleterious genes and that a steady state of 
flux of fresh genes is maintained in the population by the opposing forces 
of mutation and selection. The continuous re-introduction of these genes 
by mutation (or gene flow) followed by random drift generales linkage 
disequilibrium with neutral variants segregating at neighbouring loci. 
This introduces a bias for higher homozygosity for detrimental genes 
197 
among homozygotes for the marker locus than among heterozygotes. For 
any given marked locus (eg. an enzyme locus) and a locus that segregates 
for deleterious genes the disequilibrium is small and transitory and the 
excess of homozygosity for deleterious genes among homozygotes for a 
particular marker (eg. allozyme) may be negligible. But when genotypes 
at several marker loci are grouped in multiple homozygous and multiple 
heterozygous classes, then the possibility of homozygosity for one or 
more deleterious gene in the first class can be substantially larger than 
the second. In more general terms, the probability X(kli,n) that an 
individual is homozygous for k deleterious genes, given it is homozygous 
for i of the n scored loci (j<n) is higher than X(k/j,n) for i>j. This 
argument holds for random mating populations, but it s effect will be 
amplified by any process that causes an excess of homozygosity in the 
population. For this reason, this hypothesis is also known in the 
literature as the inbreeding hypothesis. This hypothesis does however 
pose a number of problems. If, for example, overdominance selection 
operates on many protein loci, the average heterozygosity would be 
expected to be much higher than that predicted by the neutral 
mutation theory (Maruyama and Nei. 1981: and Nei and Graur, 1984). 
But the observed levels of heterozygosities in various organisms are 
generally much smaller than their neutral expectations. Livshits and 
Kobyliansky (j 985) suggest that the neutral mutation model does not 
explain this. However it would be troublesome still to invoke the 
over dominant hypothesis as a general rule so the overdominant 
hypothesis does not, on hindsight, seem feasible. 
The results of this study on an English and Indian Caucasian population, 
indicates a negative correlation between heterozygosity and 
morphological variance. A hypothesis explaining these findings has yet 
to be established. Why some authors find a relationship between 
morphological variation and heterozygosity while some do not, can be 
due to several explanations. Firstly, not all selection is centripetal, 
stabilising or normalising. Selection can be directional and not 
necessarily in favour of heterozygotes. Also not all polymorphisms need 
to be subject to natural selection. Most polymorphisms can be 
selectively neutral most of the time (Kimura, 1983). Also, as mentioned 
earlier, a small number of polymorphisms may form an imperfect guide 
to the heterozygosity of the genome. Finally it is difficult to decide 
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which traits to examine. Some traits seem more likely to yield results 
than others, e.g. it is known that selection acts on birth weight and, 
therefore. one might expect to observe an effect of heterozygosity on this 
trait. In spite of this, the association noted between biochemical 
heterozygosity and morphological variation still demands a satisfactory 
mechanistic explanation. 
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CHAPTER VI 
CONCLUSIONS 
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CONCLUSIONS 
The relationship between variability in 27 morphological traits and 
genetic variation at three enzyme loci (EsD, PGM-I and AP) and three 
blood group loci, MN, ABO and Rhesus, was studied in an English and 
Gujarati Indian Caucasian population. No difference was noted in the 
mean values of the homozygous and heterozygous classes at the loci 
studied in both populations. However at the EsD, PGM -I, AP and MN 
loci a negative correlation was observed between morphological variance 
and heterozygosity in both populations. These results are in agreement 
with Lerner's prediction of 'Genetic Homeostasis·. Lerner's 
understanding of the correlation was that heterozygosity at the individual 
or population level was advantageous as it provided the organism with a 
greater buffering ability to withstand environmental change and, 
therefore, a greater chance of survival and reproduction. 
Several theories have been put forward to explain the findings noted. 
They basically fall into two categories, those that attribute the 
correlation to the scored loci themselves (mostly enzyme loci), and those 
that consider the scored loci as markers for genetic conditions that are 
not detectable by the assay method involved, but are nevertheless, the 
causetive agents of the morphological variation in individuals. 
The theory of additive allelic effects was directly addressed m this 
research project. This theory implies that the observation within a 
population, that the least phenotypic variation exists among the most 
heterozygous individuals can be explained by genotype pooling. In this 
study the homozygote genotypes were both pooled and then separated to 
look at any differences in variance of the traits in the two situations. No 
reduction in morphological variation was noted when the homozygous 
genotypes were treated separately instead of pooled. The homozygotes 
at the EsD, AP, PGM-I and MN loci in both populations still had larger 
variances at the morphological traits than the heterozygotes. Hence no 
evidence was given. in this study to support the theory of additive allelic 
effects. 
At present there is no consensus about the genetic mechanism underlying 
the morphological variance/heterozygosity correlation or any other 
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correlation of heterozygosity with a phenotypic trait. This is not because 
one cannot choose among competing hypotheses that can explain the 
observations. b ut rather because it is difficult to arrive at a hvpothesis 
that will be consistent with all (or even the bulki of the results to date. 
The observed negative correlation between morphological variation and 
heterozygosity was more pronounced in the English White Caucasian male 
population than in the Gujarati Indian male population. As a difference 
in the relationship between the populations is noted, it suggests that 
hypotheses that place a stronger emphasis on the structure of the 
population than on the scored loci e.g. associative overdominance, are 
more likely to explain these findings. 
Though the results in this research project are quite striking, it is felt 
that 6 polymorphic loci form an imperfect guide to the heterozygosity of 
the genome. A proposal for the future would be to study more loci in 
both populations. Also, this study, as well as all other studies in this 
field to date, have focused on male populations. Female populations 
should be studied to look at the relationship between morphological 
variation and heterozygosity. This would provide a stronger basis of 
facts from which a satisfactory theory may be developed. 
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APPENDIX A 
TRBLE OF DECIMRL YERRS 
Jan feb Mar Rpr May Jun Jul Rug Sep Oct Nou Dec 
I 2 3 4 5 6 7 8 9 10 11 12 
1 000 085 162 247 329 414 496 581 666 748 833 915 
2 003 088 164 249 332 416 499 584 668 751 836 918 
3 005 090 167 252 334 419 501 586 671 753 838 921 
4 008 093 170 255 337 422 504 589 674 756 841 923 
5 011 096 173 258 340 425 507 592 677 759 844 926 
6014 099 175 260 342 427 510 595 679 762 847 929 
7 016 101 178 263 345 430 512 597 682 764 849 932 
8 019 104 181 266 348 433 515 600 685 767 852 934 
9 022 107 184 268 351 436 518 603 688 770 855 937 
10025 110 186 271 353 438 521 605 690 773 858 940 
11 027 112 189 274 356 441 523 608 693 775 860 942 
12030 115 192 277 359 444 526 611 696 778 863 945 
13033 118 195 279 362 447 529 614 699 781 866 948 
14036 121 197 282 364 449 532 616 701 784 868 951 
15038 123 200 285 367 452 534 619 704 786 871 953 
16041 126 203 288 370 455 537 622 707 789 874 956 
17044 129 205 290 373 458 540 625 710 792 877 959 
18047 132 208 293 375 460 542 627 712 795 879 962 
19049 134 211 296 378 463 545 630 715 797 882 964 
20052 137 214 299 381 466 548 633 718 800 885 967 
21 055 140 216 301 384 468 551 636 721 803 888 970 
22058 142 219 304 386 471 553 638 723 805 890 973 
23060 145 222 307 389 474 556 641 726 808 893 975 
24063 148 225 310 392 477 559 644 729 811 896 978 
25066 151 227 312 395 479 562 647 731 814 899 981 
26068 153 230 315 397 482 564 649 734 816 901 984 
27071 156 233 318 ·400 485 567 652 737 819 904 986 
28074 159 236 321 403 488 570 655 740 822 907 989 
29077 159 238 323 405 490 573 658 742 825 910 992 
30079 241 326 408 493 575 660 745 827 912 995 
31082 244 411 578 663 830 997 
1 2 3 4 5 6 7 8 9 10 11 12 
Months of the year are arrayed along the top of the Table and days of 
the month in the left-hand column. To loolc up the Decimal Year of, say 
17th July 1980, first find the figure 17 in the left hand-column and then 
moue along to the figures giuen under the July heading, that is 540. 
Thus, on the Data Sheet 17th July 1980 will be recorded as 80/540. 
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APPENDIX C 
Appendix B. 2 
Details of Socio-economic groups and Social Classes in terms of Occupation and 
Employment Status groups 
E.G. 1.1 Employers in industry, commerce, etc.-large establishments 
(a) Social Class 11 Inlermediate occupations 
Employment stalus-Sttlf~mployrd with ~mploy~ 
.6 Underwritcl'l, broken, investment analySts 
.1 Marketinl and sales managers and cxcauive:s 
.2 Advertising and PR aecutivcs 
.1 Matrons. houseparenu 
. 0 Authors, writers. journalliu 
• t Az1isu. c:ommcmaJ artists 
.2 Industrial designm (not c:lothins) 
.J Oath in. desill'ttrs 
.4 Window dtc:s.sers 
• 1 Actors, cnterta~. sinlcn. stage managers 
021.2 
032.1 
0)2.3 
0]7.2 
038.1 
038.4 
039.1 
0)9.2 
044,4 
0'7.1 
Musicians 
Ain::rah night deck ofrlCcrs 
Deck. engineering and radio ofnccrs and pilots. ship 
Office manalctS D.C.C • 
Garage proprietors 
Other P(opricton and managm (sales) 
Hotel and residential club manaacrs 
Publicans 
ManagctS D.C.C • 
lmponen. cxporten. t;Ommodity brokers 
(b) Social Class III (N) Skilled occupalions-Non·manual 
.1 
.2 
.1 
. 2 
',0 
.2 
.3 
'.3 
'.J 
,.0 
,,0 
.2 
•• 
.J 
.1 
.2 
.3 
.4 
" 
.6 
.1 
,8 
.0 
,I 
,2 
.2 
.3 
. 1 
.2 
" 
.8 
.1 
.2 
.3 
.4 
., 
,I· 
.2 
,0 
" 
,2 
,3 
.4 
Employmcllt stalu-Sttll~mploym with ~mploy«s 
Photograp~,~enunen 
Sound and vision equipment operators 
Professional sportsmen, sporu ofr!cla1s 
LiteratY, artistic anel sports workers n.e.c • 
Onluptsmen 
Butchen (managers and proprie1ors) 
F'tShmonacn (manqen and proprietors) 
Rcstaumeun 
Enrcrtainment anel sportS manalen: 
044.1 
044.3 
046.3 
049.2 
OSO.O 
0".3 OS,", 
0".6 
Proprietors and manaleD, service flats. holiday Ilats. 
caravan sites, etc. 
Hairdressers' and barbers' managers and proprietors 
Other clerks and cashiers (nOl retail) 
Typists. shonhand writers, sccmaric:s 
Orrtce machine operators 
ScraP dealers. Bcnen.i elc:a1cn, rag anc1 bone mcrc:hants 
Sales repre::senwivcs 
Sales representatives (property and services), other alents 
(c) Social Class III (M) SklUed occupalions-Manual 
Employment Sbl~/f~mploy«l with emplo)«:f 
Roundsmen. van salesmen 
Chefs. cooks 
NWSCT'Y nurses 
Undertakers 
Booltmakm. bminl shop managers 
Tannery production workers 
Shoe repairers 
l.ca1ber cutters anel .sewers. footwear tasters, makers. 
nnishers 
W up preparcrs 
W ...... 
Knitters 
8Jeachers, dyers, nnishers 
Menders. darners 
Bakers. flour confo::tionen 
Paper. paperboard and leathcrboard workers 
Bookbinders and rUli.shcn 
Glass fonners and shapcn. rUlishm. decorators 
Casu:n anel other pottery makers 
". 
Rubber process workers. mouldinl machine operators. 
tvrc buildcn 
Bre'WCl'Y and vinery process workers 
Other maleria.l processinl-
BaJccry and. confcaionery workers 
Wood and paper 
COmpo$itors 
E1carorypen, steTeot)"pCrs, printinS plate and cylinder 
",",,"'''' Printinl machUte minders and assistants 
Scr=n and block printers 
Printen (so described) 
Tailors. tailorcsses. dressmakers 
OothinS cutters, milliners, furrien 
Coach trimmcrlJ, upholsterers. mattress makers 
Carpenters, joiners 
Cabinet makers 
Case and box makers 
Pattern makers (moulds) 
cv 
106.0 
107.2 
101.3 
101.4 
10'7.3 
101.6 
101.7 
107.8 
107.9 
101.10 
109.1 
109.2 
109.3 
110.1 
110.2 
110.3 
112.1 
112.2 
112.3 
113.2 
1".0 
116.1 
116.2 
117.0 
118.1 
119.0 
121.1 
111.2 
121.3 
123.1 
123.2 
123.0 
126.1 
126.1 
117.1 
128.0 
130.1 
Sawyers, veneer c:utten. woodworldnS macltinisu 
Dcnw teChnicians 
~fiuers 
Music:aJ instrument makcn, piano tunen 
Other makinS and repairins-
GWsand~K:s 
Wood 
Leather 
Clothing and related productS 
Paper goods and Printinl 
Rubber 
Furnace operating oa:upations (metal) 
RoUenncn 
Smiths, fOflcmen 
Mew drawers 
Moulders. coremakcrs. die asters 
Bec:troplatm 
Press and machine tool setters 
Centre lathe turners 
Machine tool setter operaton . 
Metal polishers 
Tool makers. tool fitten. markcrs.out 
Precision instrument maJcen and r~rs 
Watch and chronometer makers and repairers 
Metal. working produc:tion fillers and fitter/machinisu 
Motor meclLania. aUlO engineers 
OrrICe machinery mechanics 
Produc;tion fitters (elcctrica.l. dcttronic) 
Electricians. electric:aJ maintenance fittm 
Bectricaj engineers (so described) 
Radio and TV mechanics 
Other electronic maintenance engineers 
Plumbers. heating and ventilating nUm, ps fitten 
Sheet meW workers 
:\-tetaJ p13te workers. shipwrishu. riveten 
Steel erecton. benders. fixen 
Welden 
Goldsmiths. silvenmiths. precious stone workers 
9 
~ . , 
: ' 
" 
-130.2 
131.1 
131.2 
131.3 
131.5 
131. 7 
133.1 
133.2 
133.4 
140.1 
140.2 
0'7.2 
0'7.4 
062.1 
062.3 
07$.6 
018.2 
087.1 
087.2 
087.3 
089.0 
097.2 
098.4 
098.7 
098.9 
102.3 
107.11 
107.12 
072.2 
1$7.2 
Enif3V~rs. ~tc:hcrs (printing) 
Coach and vehicl~ body buildc~ 
Galvanizers. tin plat~rs, dip platcrs 
Metal makins and treatin. work~rs n.c.e. 
RiU~rs 
Cou winders 
POtt~ry decorators 
Coach painters (so described) 
Painten and decorator.ll n.e.c., french polishers 
Bricklayers. tile setters 
Masons, stone CUtters 
loW.3 
loW.6 
1"'5.0 
152.1 
152.2 
1'2.3 
15'.1 
158.2 
161.2 
P!~sterers 
Builders (SO described) 
Face·trained eoaJmininl workers 
Bus and coach drivers 
Drivers of read ,oods vehicles 
Other motor drivers 
Mechanical r;2lant drivers. oper,uon (earth moving and civil 
e'Rlincerinl' 
Workers in U'aDSpon opcracing. materials moving and 
slorinl and rdated D.C.C. 
AU other in miscdlancous occupations n.e.e. 
(c) Social C ... IV Partly skilled occupations 
Employment stallU-&Jf~mploY«i with ~mplo)lft:$ 
Market and street traders and assistants 
Credit: agents. coUec:tor salesmen 
Security JUards and officers. patrolmen. watchmen 
SecuritY and Protective service workers n.e.c. 
Service workers o.e.c. 
Gardeners. groundsmen 
Preparatory fibre processon: 
Sr;2inners. doublers. IwUters 
Winders. rcclers 
Chemical. gas and petroleum process plant operators 
Ca!cnder and extruding machine operators. moulders 
(Plastics) 
Other malerial processing-
Textiles 
Food and drink n.e.c. 
All other (exc1uding metaJ) n.e.c. 
Sewers. embroid~ 
Other making and repairing-
Plastics 
All om« (acIudin. metal. and dectrical) n.e.c. 
110.4 
112.4 
113.1 
11l.3 
121.2 
131.9 
133.3 
13'.1 
137.2 
138.12 
140.4 
140.$ 
141.4 
142.2 
146.1 
146.2 
148.0 
1'7.1 
AnncaJers. hardeners. Icm~ (metal) 
Machine tool GpCr.IIOn 
Press. Stanlpin. and automatic machine opcn.tors 
Fettlers. dressers 
Sc:affoldm. Stasers 
Other metal. jcwdlery. electrical production workers 
Other spray painterS 
Assemblcn. (electrical. electronic) 
Packers. boa1en. canactS. fillen 
Painting. assembling and related occupations n.e.c. 
Roofers. &Iazien 
Handymen. ae~ building worPers 
Pavion. kerb laycn 
Mains and service Iaycn. pipe jointers 
Miners (nol ccal). quarrymen. weU drillen 
Construction workers n.e.c. 
Deck. engine·room hands. bargemen.lightermen. boatmen 
Storekeepers. wardtouscmen 
(c) Social C ... V Unskilled oc:c:upadoos-Manual 
Employtumt Sb1U-&Jf-mrployttd with mrployu$ 
Oeaacn. window eleanen. chimney sweeps. road ~ 
Stevedores. dockers 
157.J Goods porters 
S.E.G. 1.2 Managers in central and local government, industry, commerce, etc.-
large establishments. 
(d) Social Cass I Professional. etc. occupations 
rxn.l Qmcn1 administrators-national sovernmcnt 
002.3 
002.. 
002.5 
002.6 
002.7 
003.1 
003.2 
004.2 
OM.I 
00$.2 
0M.3 
00'.4 
007.2 
008.0 
009.1 
009.2 
009.3 
009.' 
009.$ 
(Assistant Secretary levd and. ~ve) 
(e) SociaJ Oas., 11 intermediate occupations 
Emp&oymmt sb~MtIIfQ't!n 
Esrimatcn 
VaJum. claizruI assessors 
FilWlc:ia.l manasen 
Underwriters. broken. invesuncnt analystS 
Taxation cxpms 
Pcnonnd and indusaial relations officers 
o and M. work study and OR offICers 
S)'StCmS analystS. computer programmers 
Mmcting and sales managen and executives 
Advertising and PR executives 
Buyers (mail trade) 
Bu)'en-and. purchasina offtcers (not retail) 
Cic:naaJ administrators-national government 
(HEO to Senior Principal levd) 
LocaJ aovemmcnt offl(:.Cts 
(administrative and. executive functions) 
Company secretaries 
OffkiaJs of tnde associations. trade unions. professional 
bodies and charities 
Property and CSWe managers 
Libn.rtans. information offlCCf1 
l.qaJ service and related ~pations 
cvi 
~o 
009.8 
010.2 
011.0 
01l.1 
013.1 
01l.3 
1J16.0 
017.2 
017.4 
017.' 
017.6 
018.1 
011:1.4 
019.0 
020.1 
020.2 
020.3 
020.4 
02.1.1 
Proiessional worlca-s and reiateo SUPportinl management 
and administtation n.e.c. 
Teachers in establishments for further and higher 
eaw:a1ion 
Teachers n.e.C. 
Vocational and iDdusuial uainers 
Mattans. bouscparaus 
Wdfarc oa:upatioas n.e.c. 
Nunc administrators. nurses 
Medica! radiotraphcn 
Physiothen.pim 
O1iropodists 
Therapists D.e.Co 
MM;cal technician' dennl.a1Wl.iJu::ic:s 
Professional and «,wed in education. welfare and 
health n.e.e. 
Authors. writers, journalists 
ArtiSts. commercial artists 
InduStrial desi~ncrs (not clothing) 
Ooching desilnm 
Window dressers 
Actors. enfcrtainen. singers. stage managcn 
.'. .-~ I
., 
'':1 
.'. 
-. = .. -~-,-.,,,,,",.---~----.-
· . '. ", '. - . . '. :' '.. .' , ';' " ~. . "........ .'., . ,' .... 
021.2 
022.1 
022.2 
023.1 
023.2 
029.0 
030.2 
032.1 
032.3 
033.3 
O~.O 
03!i.1 
036.1 
036.2 
036.3 
036.4 
031.1 
037.2 
Musicians 
PhOtographcn. cameramen 
Sound and vision equipment OpeBtors 
Professional sportsmen. sportS officials 
UlctarY. artistic and sportS workers n.e,c. 
Drauahumen 
Encinccrina technicians. technician enlinccrs 
Aircraft rusht deck officers 
Deck, en&incertng and radio officen and pilou. ship 
Technical and relaled workers n.e.c. 
Production. works and maintenance managen. works 
foremen 
Managers in buildinl and contractins 
Manasers in mininS and public utilities 
Transport manasers 
Stores controllers 
Manasers in warehousina and maleriaiJ handlins n.e.c. 
Credit eonllOliers 
orrICe managers n.e.c. 
038.4 
039.1 
039.2 
039.3 
039.!i 
043.1 
043.2 
04l.3 
044.1 
044.3 
044.4 
0'6.0 
057.1 
cm.6 
064.0 
075.4 (m., 
Other proprietors and managers (sales) 
HOlel and residential dub managers 
PubJic:ans 
Restaurateurs 
Entertainment and spons managers 
Prison officers (chief officers and above) 
Police ofncm (inspectors and above) 
Fire service orncers 
Proprietors and managers. $Ct'Yice flau. holiday nau. 
caravan sites. etc. 
Hairdressers' and barbers' managers and proprietors 
Managers R.C.C. 
Roundsmen. van salesmen 
Importers. exporters, commodity brokers 
Sales representatives (propcny add scrvicc:s). other agenu 
Chefs. cookJ 
Undcnakers 
Bookmakers. bcttina shop managers 
(0 Social Cia .. III (N) Skilled occupations-Non-manual 
Employment slalus-Managen 
057.3 ScraP dealers. JCncral dealers, rag and bone mcchanu 
07'.3 
07S.6 
(g) Social Class III (M) Skilled occupations-Manual 
Launderers. dry deaners. pressers 
Service workCTS R.C.C. 
Employmenl stalus-Manart'J'S 
078.2 Gardeners. groundsmen 
S.E_G_ 2_1 Employers in industry, commerce, etc_-small establishments 
002.6 
OO!i.l 
OO!i.2 
013.t 
019.0 
020.1 
020.2 
020.3 
020.4 
013.2 
018.3 
022.t 
022.2 
013.1 
023.2 
029.0 
038.2 
038.3 
039.3 
(h) Social Oass 11 Intennediate occupations 
Employmenl sulus-Sel/~mplo~ with empJoYftS 
Underwriters, brokers, investmenl analysu 
MarlI::eUng and sales managers and executives 
AdvertisinS and PR executives 
Mauons. houseparcnu 
Authors, writers, joumalisu 
Artists. commercial artists 
Industrial desilners (not clothing) 
Oothing designers 
Wmdow drc::s.sen 
021.1 
021.2 
031.2 
038.1 
038.4 
039.1 
039.2 
044.4 
O!i7.1 
Actors. entertainers. singers. stale managers 
Musicians 
Office managers n.e.c. 
Gan.ge proprietors 
Other proprietors and managers (sales) 
Hotel and residential club managers 
Publicans 
Managers R.e.C. 
Importers, exporters. commodity brokers 
G) Social Oass III (N) Skilled occupations-Non-manual 
Employmenl SI.Ius-S4if~mplo~d with employ«s 
Playgroup leaders 
Driving instructors (not HGV) 
Photographers, cameramen 
Sound and vision equipment openl1on 
Professional sportsmen, spons officials 
Uterary. anistic and sporu workers n.e.c. 
Draughtsmen 
Butchcn (manaacn and proprietors) 
Flshmonaers (managers and proprietors) 
Restaurateurs 
C\'ji 
039.5 
044.1 
044.3 
046.3 
049.2 
050.0 
057.3 
057.5 
057.6 
Entertainment and sports managers 
Prcpnetors and managers. service flau. holiday flau. 
caravan sites. etc. 
Hairdrcucn' and barbers' managers and proprietors 
Other clerks and cashiers (not r'Ctail) 
Typisu. shorthand writcrs. secretaries 
OffICe machine operators 
Scrap dealers. general dealers. rag and bone merchants 
Sales representatives 
Sales representatives (property and services), other agents 
0'6.0 
064.0 
068.2 
01'-" 
O1LS 
08!i.1 
08'.2 
OS.5,3 
087.4 
087 . .5 
087.6 
087.7 
087.8 
091.0 
094.1 
094.2 
096.2 
096.3 
097.1 
098.2 
098.' 
098.8 
100.1 
100.2 
100.3 
100.4 
100.' 
102.1 
102.2 
103.0 
10',J 
10'.2 
10'.3 
105.4 
106.0 
107.2 
101.3 
107.4 
101.' 
107.6 
101.7 
107.8 
101.9 
107.10 
044.2 
057.2 
0'7.4 
062.1 
062.3 
075.6 
078.2 
082.0 
087.1 
087.2 
087.3 
089.0 
097.2 
098.4 
098.7 
098.9 
102.3 
107.11 
107.12 
on.: 
141.J 
143.2 
1.57.2 
(k) Social Class III (:1<1) Skilled occupalions-Manual 
Employmenl jlJjtus-Sd/f-employft! with t!mplo.""es 
Roundsmen, van salesmen 
Chefs. cooks 
Nut'5ery nurses 
Undenaken 
Bookmakers. betting shop managers 
Tannery production workers 
Shoe repairers 
Leather cutters and sewers. footwear la.sters. mllkers. 
finishers 
Warp prcparers 
Weavers 
Kniuers 
BJcachen. dYm. linishcn 
Mendc". darners 
Bakers. flour confectioners 
Paper, paperboard and lcatherboard worken 
800kbindm and finishers 
Glass formers and shapen, finishm. decorators 
Casters and othft' poUery makers 
Rubber process woricers. mouldina: mac:hine operac:on. 
t)Te builders 
Brewery and vinery process workers 
Other materia.l proccssing-
Bakery and confectionery worken 
Wood and paper 
Compositors 
EIec:trorypm;, stereotypers. printing plate and. cylinder 
preparers 
Printing machine minders and assistants 
Screen and block printers 
Printers (so described) 
Tailors. tailorc:ssc:s. dressmakers 
Clothing cutlers. milliners. furriers 
Coach trimmers. upholsterers. mattress makers 
Carpenters. joiners 
Cabinet makers 
Case and box makers 
Pattern makers (moulds) 
SaWYers. veneer cutters. woOOworking machinists 
OentaJ technicians 
Carpet fitters 
Musical instrument makers. piano tuners 
Other making and rcpaiting-
Glass and ceramics 
Wood 
Leathc 
Clothing and related productS 
Paper goods and printing 
Rubber 
109.1 
109.1 
109.3 
1l0.1 
110.1 
110.3 
II!.I 
1l2.1 
112.3 
113.1 
115.0 
116.1 
116.2 
111.0 
118.1 
119.0 
121.1 
121.2 
121.3 
123.1 
123.2 
125.0 
126.1 
126.2 
127.1 
128.0 
130.1 
130.2 
!Jr.1 
131.2 
13I.J 
!J1 • .5 
131.7 
133.1 
133.1 
133.4 
140.1 
140.1 
1.;0.3 
1.;0.6 
145.0 
1$2.1 
1$2.2 
1$2.3 
155.1 
1$8.2 
161.2 
Furna..:e operatinS occupations (metall 
RoUermen 
Smiths. forgemen 
.\1etal drawers 
Moulders • .::oremakers. die casters 
E1ectroplaten 
Press and machine tool setters 
Centre lathe turners 
~achine tool setter operators 
.\1etal polishers 
Tool makers. tool fitterS. markcrs-out 
Precision instrument makers and repairers 
Watch and chronometer makers and repairers 
~ecal working production liucn and fitter/machinists 
~otor mechanics. auto engineers 
Ofnce machinery mechanics 
Production fitters (elcctrlcaJ. electronic) 
Electricians. electrical maintenance fitters 
Electrical engineers (so desmbed) 
Radio and TV mechanics 
Other electronic maintenance engineers 
Plumbers. hc:J.lIn~ and ventilating fitters. gas fitters 
Sheet metal workers 
Metal plale workers, shipwrights. riveters 
Steel erectors. benders. rlXers 
Welders 
Goldsmiths. silversmiths, precious stone workm 
Engravers, etchers (printing) 
Coach and vehicle body builders 
Galvanizers, tin. platers. dip platers 
Metal making and treating workers n.e.c. 
Riggers 
Coil winders 
POttery decorators 
Coach painters (so described) 
Painters and decorators n.e.c .• french polishers 
Bricklaym, tile setters 
Masons, stone cullers 
Plasterers 
Builders (so described) 
Face-traincd coalmining workers 
Bus and coach driven 
Drivers of road goods vehicles 
Other motor drivers 
'\fechanical plant drivers. operators (canh movmB and civil 
cnginccrinB) . 
Workers in transport operuinl. materials movinl and 
storing and rdated n.e.c. 
All other in miscellaneous occupations n.e.c. 
(I) Social Class IV Panly skilled occupalions 
EmpJoytlmll s".tu ..... $4I/~mplo)'«l with ~mplo)lns 
Manasen of laundry and dry cleaning receiving shops 
Market and str=t traders and assistanu 
Credit agenu, coUcctor salesmen 
Security guards and ofnccrs. patrOlmen. wuchmcn 
Security and proteaive service workers n.e.c. 
Service workers n.e.c. 
Gardeners. groundsmen 
Fishennen 
Preparatory fibre processors 
Spinners, doublen. tw;sters 
Winders. reelers 
CbcmicaJ. gas and pctrO~m process plant O1)e'r.ltors 
CaJender and extrudina machine operators. moulders 
(plastiCS) 
Other material pt0CCS3ing-
Textiles 
Food and drink n.e.c. 
All other (excludina metal) n.c.c. 
Sewers. embroiderers 
Other making and rcpairing-
Plastics 
All other (excluding metal and dcctrica!l n.e.t. 
1l0.4 
112.4 
113.1 
113.3 
121.2 
131.9 
133.3 
135.1 
137.2 
138.11 
1~.4 
140 . .s 
141.-' 
142.1 
143.1 
146.1 
146.2 
143.0 
"7.1 
Anncalcrs. hardeners. tCJnpcrers (metal) 
Machine tool operators 
Press, stampinB and automatic machine operators 
Fettlers. dressers 
Scaifoldcrs. stagcn 
Other metal. jcwdlery, electrical production workers: 
Other spray paintcn 
A!.semblers (elcctricaJ. electronic) 
Packm. bottlers. canners. rdlers 
Paintin,. assembling and rdated occupations n.e.c. 
Roofers, g1aZJcrs 
Handymen. general building workers 
Paviors, kerb layers 
Mains and service layers. pipe jointers 
Cra.itsmen's mates 
Miners (not coal). Quarrymen. weU drillers 
Construction workers n.e.c. 
Deck, engine-room hands. barsemcn,lightennen. boatmen 
Storekeepers, warehousemen 
(m) Social Class V Unskilled occupalions 
Empklymmt sglu-S#lf~mplo.-..d wilh tmplo.'Ift!S 
Cleaners. window cJeancn. chimney sweeps. road $Weepers 
Roadmen 
BUilding and civil enginccrin, Iabourcrs 
Stevedores, dockers .... 
12 
cviii 
1S7.) 
160.8 
Goods poncn 
l.1.bourers and unskilled workers n.e.c.-
Oth" 
S.E.G. 2.2 Managers in industry, commerce, etc.-small establishments 
(0) Social Oass 11 1nlennediate occupations 
Emplo)'lDftll lIatu-Managrrs 
002.3 
002.4 
002.5 
002.6 
002.7 
003.1 
003.2 
004.2 
005.1 
005.2 
005.3 
005.4 
009.1 
009.2 
009.3 
009.' 
009.l 
009.8 
0)0.2 
011.0 
012.1 
OIl.1 
013.3 
016.0 
017.2 
017.4 
OJ7.5 
017.6 
018.1 
018.3 
018.4 
019.0 
020.1 
020.2 
020.3 
020.' 
021.1 
021.2 
ell. I 
0"'-2,.2 
023.1 
·023.2 
029.0 
030.1 
030.2 
033.3 
0:lo4.0 
035.1 
036.1 
036.2 
036.3 
036.4 
037.1 
037.2 
038.2 
038.3 
038.4 
039.1 
039.2 
039.3 
0)9.5 
044.1 
044.3 
044.' 
056.0 
057.1 
057.5 
057.6 
064.0 
075.4 
Estimators 
Valuers, claims assessors 
FInancial manqcTS 
UnOerwriu:rs. broken. invatment analystS 
T&xalion expens 
Personnel and industrial rd.alions orfa=n 
o and M. work Sludy and OR officcn 
Sysu:ms ana,lysts, computer pro;rammm 
MArketing and saln manq:m and u.ccwivts 
Advenising and PR executives 
Buyers (raail lrade) 
Buyers and purchasing officers (nol mail) 
Company seaetarics . 
Officials of trade associations. trade uniOIU, profCSSlonal 
bodies and charitics 
Property and CSlale manqers 
Librarians. information omcm 
Legal service and related occupations 
Professional workers and rdaJ.cd supponina manaaemem 
and adminiStration n.e.t. 
Teachers in establishments for funher and hiahcr 
education 
Tea.chm n.e.t. 
Vocational and indu.strialtrainers 
Matrons. houseparcnu 
Welfare occupations n.c.e:. 
NW'K administrators. nunes 
McQjcal radiosraphen 
PhysiotherapiStS 
Chiropodists 
Therapists D.e.t. 
Medical technicians. dental auxiliaries 
Driving instruaors (DOl HGV) 
Professional and rdated in education, we.lfare and 
health n.e.e:. 
Authors. writers. journalists 
Artists, commercial artists 
Industrial designcn (not dothina) 
QOlhiDg dc:silllen 
Window dTascn 
Actors. entertaincn. singm, staKe manaam 
Musicians 
PhOIOgraphcn, cameramen 
Sound and vision equipment opcralors 
Professional spommen, sporu officials 
Literary. artistie: and spans workers n.e.t. 
Draughtsmen 
Laboratory technicians . 
Engineering technicians, technician enainttrS 
Technical and related workers n.e.e:. 
Production, works and maintenance manaaers, works 
foremen 
Managers in building and contrac:tina 
Managcrs in mining and publie: utilities 
Transpon managers 
Stores e:ontroUers 
Managers in warehousing and matcriaJs handIina n.e.e:. 
Credit controllers 
Offie:e managm n.e.e:. 
BUIe:hers (manaa:ers and proprietors) 
Fishmongers (managers and proprietors) 
Other proprietors and managers (sales) 
Hotel and residential dub manqers 
Publicans 
Rcstauralcurs 
Entcruinmcnt and spons managers 
Proprietors and managers, service na15, holiday nm, 
caravan sites. ett. 
Hairdresseu' and barbers' manq:ers and proprietors 
Managers n.e.t. 
Roundsmen. van salesmen 
Imponers. exponers. commodity brokers 
Sales reprnenlalivcs 
Sales representatives (propcny and services), other _aenu 
Chefs. cooks 
Undmakers 
07l.l 
OSS.I 
OSS.2 
OSS.3 
087.' 
087.5 
OS7.6 
087.7 
087.S 
091.0 
094.2-
096.2 
096.3 
097.1 
09S.2-
100.1 
100.2 
100.4 
100.5 
102.1 
1(r-.2 
103.0 
10s.I 
105.2 
105.3 
105.4 
106.0 
107.2 
107.4 
107.6 
107.7 
100.S 
107.9 
107.10 
109.2 
109.3 
110.3 
112.1 
112.2 
IIl.3 
lJl.2 
IIS.O 
116.1 
116.2 
117.0 
IIS.l 
119.0 
121.1 
121.2 
121.3 
123.1 
123.2 
125.0 
126.1 
126.2 
127.1 
128.0 
130.1 
131.1 
131.5 
13J.i 
133.2 
133.4 
140.1 
140.2 
140.3 
140.6 
152.1 
IS2.2 
IS1.3 
ISS.I 
Bookmakf:fs. betting shop manasen 
Tannery produaion workers 
Shoe repairers 
Leather tutters and sewers. footwear lasten. makcn. 
fuUshers 
Warp prcparers 
Weavers 
Knitters 
Blcathers. dyers, finishers 
Menders. earners 
Bakers. nour confectioncrs 
Bookbinders and fi.nishers 
Glass fonners and shapcr5. finishers. decorators 
Casters and other pottery makers 
Rubber process workers. mouldina machine opc:rat.ors. 
I yre builders 
Brewery-and vinery process workers 
Compositors 
E1ectrotypcrs. stereotypcrs, printing pl81e and cylinder 
preparers 
Screen and block printers 
Printers (so described) 
Tailors. tailDTCSSeS. drcwnakm 
Qothinl cutters. milliners. furriers 
Coach trimmers. upholsterers. mattress makers 
Carpenters. joiners 
Cabinet makm 
Case and box makers 
Pattern mUers (moulds) 
Sawyers. veneer cutters. woodworlcina maebjnins 
Dental technicians 
Musieal irmrumcnt makers. piano luners 
Other mWnl and repairin,-
Woo< 
Lcath" Qothin, and rdated produc:u 
Paper loocis and printina 
Rubber 
RoUenncn 
Smiths. for,emcn 
E1ectroplalers 
Press and m.ac:hine tool setters 
Centre lathe turners 
Maehine tool setter Opcralors 
Metal polishers 
Tool makers. 1001 fitters. markers-oul 
Precision instrument makers and repairers 
Watch and chronometer makers and rcpairm 
Metal workina production fitters and fitter/machinists 
MOlor mechanies. auto engineers 
Office machinery mcchanic:s 
Production fitters (electrical. dearonic:) 
Electricians. cJea:rical maintenane:c fitters 
Electrical engin~rs (so described) 
Radio and TV mechanies 
Other electronic maintenanee enaineers 
Plwnbcrs, hearing and ventill.1lnl fitters, ,as filters 
Sheet metal workers 
Metal piale workers. shipwrighu, rivaers 
Steel erectors, benders, fIXers 
Welders 
Goldsmiths. silversmiths. precious Ilone workers 
Coach and vehicle body builders 
Riggers 
COil .... inders 
Coach painters (so described) 
Painters and dceoralors n.e.c .• french polishers 
Bric:ldayers. tile S~tters 
Masons. $lone cuners 
Plaster~rs 
Builders (so described) 
Bus and coach drivers 
Drivers of road goods vehicles 
Other motor dri\'ers 
Mechanital plant d!i,·ers. operators (earth movina and eivil 
en,inemng) 
(0) Social Class III (N) Skilled occupa,ions-l'on-manual 
039.4 Oub ste ..... ards 
04.4.2 Managers of 10lundry and dry cleaninl receivinl Ibo!,s 
OS7.= Market and strCCI trOlders and assistants 
OS:-.l Serap de3.1er~. i!ener3.1 dealers. ral and bone mere:hanls 
057.4 Cudi( agents. colleClor salesmen 
cix 13 
072.2 
07'.3 
075.6 
07S.2 
082.0 
087.1 
087.2 
087.3 
089.0 
097.2 
098.1 
(p) Social Class III (M) Skilled occupations-Manual 
Employmelll Sl.,us.-,\.fanCl'ft'11' 
Ocancrs. window cleaners. chimney sweeps, road sweepers 
Launderers. dry cleaners, pr(SSCfs 
Service workers R.C.C:. 
GMdcncrs. ifoundsmcn 
Fishermen 
Preparatory fibre proceuors 
Spinn~. doublers. twisters 
Winders, reelers 
ChCJ1'tica.l. gas and petroleum process plant operators 
Calcndcr and extruding machine operators, moulders 
(plastics) 
Other material proceuins-
Food and drink D.C.C. 
107.11 
107.12 
111.1 
IJI.9 
111.3 
138.12 
140.4 
140 . .5 
146.1 
146.2 
157.1 
U7.1 
Other making and rcpairina-
Plastic. 
All other (c:xcluding metal and electrical) D.C.C:. 
Press, ~amping and automatic machine operators 
Other metal, jcwcUcry, electrical production workers 
Other spray painters 
Painting, :wmtbling and related oa:upaJ:ions D.C.C:. 
Rooicn. g,laziers 
Handymen. general building workers 
Miners (not coal), quarrymcn. well drillers 
Construction workers n.c.c. 
Storekeepers. warehousemen 
Goads porters 
S.E.G. J Professional workers-self~mployed 
001.0 
002.1 
004.1 009." 
012.3 
014.0 
OtS.1 
015.2 
011.1 
017.3 
018.2 
024.1 
024.2 
024.3 
(q) SociaJ Oass I Professional. etc. occupations 
EmploymeDt st.lla-Sel/~mployed with t1IId without ~mplo)l«S 
Judges. barristers. advIXates. solicitors 
Chartered and certified accountants 
Economiru. statisticians. actuaries 
Management consultants 
Social and beha,viourai scientists 
Qergy. ministers of religion 
Medical practitioners 
Dental practitionen 
Pharmaests 
Ophthalmic: and dispensiQS opticians 
Vctcrinarians 
BiololJical .scientisu. biochemists 
Chemical sc:ientisr~ 
Physacai and Seolosic:al sacntisu. mathematicians 
02$.0 
026.1 
026.2 
027.1 
0Z1.2 
028.1 
028.2 
028.3 
028.4 
028.5 
028." 
011.1 
011.1 
Civil. suuaural. muruapal. minina: and quarrying engineers 
Mechanical and acronautic:al engineers 
Design and development engineers (mechanical) 
Electrical engineers 
Elearonic engineers 
Chemical engineers 
Production engineers 
PlanninS and quality control enaineen 
Engineers R.C.C. 
Metallurgists 
Tcdmologists R.e.C. 
Arehitects. town planners 
Building. land and minina SUJ'\'c:yo~ 
S.E.G. 4 Professional workers-employees 
001.0 
002.1 
004.1 009." 
010.1 
012.2 
012.3 
014.0 
01$.1 
015.2 
017.1 
017.1 
01S.2 
024.1 
024.2 
(r) Social Class I Professional, elc. occupalions 
Emllloymeol SUtId-Appnntica. ne .• EmplOyftS IU.C. 
Judges. barristers. advoc:ar.cs. solicitors 
Chartered and certified accountants 
Economists. staristicians. actuaries 
Manas:cmmt consultants 
University academic stafr 
Education officers. school inspeaon 
Social and behavioural scientists: 
Qergy, ministers of relision 
Medical !)ractitioncrs 
Dental practitioners 
Pharmacists 
Ophthalmic and dispen.sina opticians 
Vetcrinarians 
Biological scientists. biochemists 
Chcmic:ai scientists 
024.3 
02$.0 
026.1 
026.2 
027.1 
027.2 
028.1 
028.2 
028.3 
028.4 
028.5 
028." 
011.1 
031.3 
Physical and gcologic:ai scientists. mathematicians 
Civil. suuaw-aJ.. municipal. mining and quarryina mainccrs 
Mechanical and aeronautical engineers 
Desian and deveiopmCDt engineers (mcdlanica.l) 
Electrical engineers 
ElectrOnic engineers 
Charucal engineers 
Production enaineers 
P1ann.ins and quality contrOl engineers 
Enainccn n.e.c. 
Metallurgists 
Technologisu n.e.c. 
Architects. town planners 
Buildina. land and mininl surveyors 
S.E.G. 5.1 Ancillary workers and artists 
016.0 
017.2 
017.4 
017.6 
OIS.1 
(s) Social Class 11 Inlennediale occupations 
Nurse administrators. nunes 
Medica1 radiographers 
Physiotherapists 
Therapists n.e.c. 
Medical u:chnicians. dental auxiliaries 
< 4 __ c._ .4tH 
Employmll!lll SUtIl5-FO~QIf and Supuvison 
ex 
4 
020.1 
030.1 
OlO.2 
Oll.J 
04!U 
Mw. commercial artists 
laboratory technicians 
Ensineering technicians. technician cnlineers 
Technical and rclated workers n.e.c. 
Civil service executive officers 
002.2 
002.3 
002.4 
003.2 
004.2 
006.1 
006.2 
006.3 
009.2 
009.4 
009.' 
009.8 
010.2 
011.0 
012.1 
013.3 
016.0 
017.2 
017.4 
001.2 
002.3 
002.4 
002.7 
(0).1 
003.2 
004.2 
009.1 
009.3 
009.' 
009.8 
010.2 
011.0 
002.2 
002.3 
002.4 
002.6 
002.7 
003.1 
003.2 
004.2 
OOS.I 
OOS.2 
009.1 
009.3 
009.' 
009.8 
010.2 
011.0 
012.1 
016.0 
Employmeac st&lus-ApPI'I'lItice1. nc., Emplo)l«S fI.e.c. 
Cost and works KCOuntanU 
Estimators 
Valuers. claims assessors 
o and M. work scudy and OR orticers 
Systems analysts, computer programmers 
Environmental health officers 
Building inspectors 
Inspectors (Slalutory and similar) 
Officials of trade usociar.ions, trade unions. professional 
bodies and cbarities 
Ubrarians. information offie:ers 
LepJ. servie:e and related OttUpations 
Professional workers and rdated supporting manaaemenl 
and administration n.e.e:. 
Teachers in establishments for funher and higher educatiOQ 
Teachen n.e.c. 
Vocational and industrial trainers 
Wc.!fare OttUplUions n.e.c. 
Nurse administrators, nurses 
Medic:aJ radiographers 
PbysiotherapistS 
Cost and works accountants 
Estimators 
Valuers, cUjms a.sscssors 
Taxation experts 
Personnel and industrial relations officers 
o and M. work study and OR officers 
Systems analysts. computer proarammers 
Company secretaries 
Property and estlUC manaaers 
Legal servie:e and related OCCI.Ipations 
Professional .... orkers and related supponing management 
and administration n.e.c. 
Teachcrs in establishments for funher and higher education 
Teachers n.c.c. 
017.$ 
017.6 
018.1 
018.4 
019.0 
020.1 
020.2 
020.3 
020.4 
021.1 
021.2 
030.1 
030.2 
031.2 
032.1 
032.2 
033.1 
033.2 
033.3 
012.1 
016.0 
017.2 
017.4 
017.5 
017.6 
018.1 
018.4 
030.1 
030.2 
031.2 
033.3 
Chiropodists 
Therapists n.e.c. 
Medical technic::iaru. dental a11.1.iliarics 
Professional and rcllUed in cQucation. welflll'e and 
health n.c.c. 
Awhors. writers, journalists 
Anists. commercial &nins 
Industrial des.ignen (not domina) 
Qothina designen 
Window dressers 
Aaon, entc:n:aincn. sinaen. SU&e manqen 
Musicians 
Laboratory technicians 
EngiDeerinS tcduticians. tcduUcian cnainc:ers 
Quantity SW"Ycyors 
Aircraft flight deck offu:cn 
Air trame: planners aDd cantroUers 
Arc:hitcauraJ and town planni.D1 technicians 
Buildinl and civil enlineai.al u:ctulicians 
Tedlnical and rdued workers D.e.c. 
Vocational and industrial trainers 
Nune administrators. nurses 
Medica! radiographers 
PhY'liotherapLsu 
Chiropodists 
Therapists D.C.e:. 
Medical te:hnjcians. dental atWliaries 
ProfcssioD.a1 md rd&ted in educ:atiOD, wdfare and 
health D.e.C. 
Laoorar.ory u,.:nniaans 
Ensinttring technicians. technician enaiDcen 
Quantity surveyors 
feenQlcaI and related workers D.e.C. 
EmpkJymau sw.a-Sd/~plo~ wilhoUl mtpIo)'ftS 
Cost and woru accountanu 
Estimators 
Valuers. claims assessors 
Underwriters. brokers, investment analysts 
Taution cxpcru 
Personnel and industrial relations offic:cn 
o and M. work study and OR officers 
Systems anaJysts. computer programmers 
Marketing and sales managers and executives 
Advertising and PR aecutives 
Company SCC'etaries 
Property and estate managers 
Legal service and related occupations 
Professional .... orkers and related supponiDg management 
and administration n.e.e:. 
Teachers in establishmenu for furtbcr and higher education 
Teachers D.e.C. 
Vocational and industrial uaincn 
Nurse administrlUon. nurses 
017.2 Mcdic:a1 radiowrapbers 
017.01 Pbysicmerapists 
017.' Qtiropodists 
017.6 Therapists o.e.c. 
018.1 Medical tcdmic:ians, dental auziIiaries 
018.4 Professional and rdatcd in education. wdfare and 
UI~.O 
020.1 
020.2 
020.3 
020.' 
021.1 
021.2 
030.1 
030.2 
031.2 
033.1 
033.3 
health D.e.c. 
Authors. writers. journalists 
Anists. commercial artists 
Industrial designers (not clotbin&) 
ClOthing dCSJplets 
Windo .... dressers 
Actors. entertainers. singetS. S1A1e manaam 
Musicians 
Laborar.ory tcdlnicians 
Engineering tedl.nic:ians. technician engineen 
Quantity SW"Ycyors 
Arc:hucaura.l and town planning technicians 
Technical and related workers n.e.C. 
S.E.G. 5.2 Foreman and supervisors-Non-manual 
022.1 
022.2 
029.0 
034.0 
04$.2 
04!li.3 
04!li.4 
04!li.5 
048.1 
048.2 
(I) Social Oass ill (N) Skilled occupa,ions-Non·manuaJ 
Photographers. cameramen 
Sound and vision equipment operatOrs 
Draughtsmen 
Production, works and maintenane:e managers, works 
foremen 
Supervisors of-
SIOres and despatch clerks 
Tracers. drawing officc assistants 
Other clerks and cashien (not retail) 
Retail shop cashiers, check-out and cash and wrap 
operators 
TypistS. shonhand writers. secretaries 
Office machine operalon 
cxi 
048.3 
048.' 
054.1 
054.2 
OS4.3 
060.1 
060.2 
060.3 
060.4 
060.' 
060.6 
Supervisocs of-
Telephone Operalors 
Radio and tdegn.ph Opct8lors 
Shop salesmen and assinanu 
Petrol pump. forccoun aztcndants 
Roundsmen. van salesmen 
Police sergeants 
Fire service supervisors 
Prison service princip31 officen 
Supervisors of-
Security guards and officers. pazrolmcn. war:cbmen 
Traffic "..-ardens 
Security and protective sen;ce workers n.e.~. 
S.E.G. 6 Junior non-manual workers 
009.7 
013.2 
018.3 
022.1 
022.1 
023.1 
023.1 
029.0 
03'.1 
046.1 
046.1 
046.3 
0,1.2 
.,'.1 
0:57.2 
(u) Social Oass JII (N) Skilled occupations-Non-manual 
Manasen' personal assiSlanu 
Playlt0up leaden 
Drivina instrUCtors (not HOY) 
Photographers, cameramm 
Sound and vision equipment operators 
Professional sportsmen, spons o{ficials 
Literary, lItistic and spans workers R.C.C. 
Orau&blsmen 
Clerics of works 
Stores and despatch clerts 
Tracers. drawing office: assistants 
Other cluo and cashiers (not retail) 
041.0 
049.1 
049.1 
0.50.0 
OSI.1 
0'1.3 
OSS.I 
OSS.J 
OS7.5 
0!l7.6 
061.1 
061.2 
Retail shop cashiers. ched:~ut and ash and wrap apemon 
Rcc~tionists 
Typisu. sborthand wriu:n. secretaries 
OHia: machine o\Xfalon 
Tdepl!.onisc rec:eptionists 
Radio and telegraph opct:aton 
Shop salesmm and assistants 
Petrol pump, Corccoun attendants 
Sales representatives 
Sales r~esentali"cs (property and st'r'Vices). other lImes 
Policemen (below ICI'leant) . 
Firemen 
(v) Social Ooss IV Partly skilled occupalloDs 
Telephone operators 
Shelr r..Um 
Market and street traders and assiSlanu 
Employment stalus-EmpJoy«$ n.~.c. 
M1.4 
061.3 
Credit agents. collector salesmen 
Prison officers (below principal officer) 
S.E.G. 7 Personal ~!Vice workers 
Oil. I Mauons. Ilouseparerus 
(w) Social 0 ... II IotertDedlate occupalloDs 
Emp&o)'meal statas-EmployrD n.l.c. 
(x) Social Oass III (M) Skilled occupallons-Manual 
Emldoymeat statas-FotYmvr and Su~ 
063.1 
063.1 
063.3 
063.4 
061.0 
068.1 
068.1 
SUpervisors 0(-
Ott:!s, cooks 
Waj,m. waiuesses 
Barmen. barmaids 
Counter hands. assiscants 
Ou:fl. cooks 
Domestic housekCC"pCrS 
Nursery nurses 
06j.l Waiters. waitresses 
06j.2 Barmen, b&rma.ids 
067.1 
067.2 
067.3 
<l7J.0 
Housekeepers (non-<iomcstic) 
Supervisors of-
Other aomestic and school hdpen 
Travel. stewards and auendants 
Haircirc:ssina supervisors 
Employment status-ApplY1tlica. lit: .. Employn:s n.I.t:. 
069.1 Travd stc:wards and amndants 
074.0 Hairdressers. barbers 
(y) Social 0 ... IV Partly skilled occupations 
Employmml sa ... a-EmpiOy«S II.I.e. 
066.1 Counter hands, assiSlants 
068.3 Other domestic: and school heJpcn 
cxii 
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S.E.G. 8 Foremen and supervisors-Manual 
OS2.1 
052.2 
066.2 
067.4 
067.5 
067.6 
067.7 
071.1 
071.2 
071.3 
071.4 
075.3 
07$.6 
076.3 
081.0 
084.1 
084.2 
084.3 
084.' 
086.1 
086.2 
086.3 
086.4 
086.$ 
086.6 
086.7 
086.8 
086.9 
088.0 
090.1 
090.2 
090.3 
090.' 
090.$ 
090.6 
093.1 
093.2 
093.3 
093.4 
093.5 
095.1 
09$.2 
095.3 
095.4 
095.5 
095.6 
095.7 
095.8 
095.9 
095.10 
098.6 
09S.9 
099.1 
099.2 
099.3 
099.4 
099.$ 
101.1 
101.2 
101.3 
101.4 
101.5 
101.6 
104.1 
104.2 
104.3 
104.4 
104.5 
104.6 
107.2 
107.4 
107.12 
IOS.1 
108.2 
IOS.3 
10S.4 
108.S 
108.6 
(z) Social 0 ... III (M) Skilled occupations-Manual 
EmploylDftlt "alus-Fol"I!'mf'n and SU/Wl"\lison 
SUpervisors of-
Postmen, mail saners 
Messengers 
lGtc:h.m poners. hands 
Supervisors of-
Hospital porters 
Hotel porters 
Ambulancemen 
Hospital. ward orderlies 
Caretakers 
Oc:anc:rs. window cleaners, <:himney swCC"ps. road 
sweepers 
R.ailway stationmen 
lift and car park attendants 
Launderers. dry cleaners, p~rs 
Service workers n.c.c. 
Foremen gardcners and groundsmen 
Supervisors. mates-tishinl 
Forcmen-
Tannery production workers 
Shoe r~a.irers 
Leather cutters and sewers, footwear lastcn. makers, 
fmishers 
Other making and repairing, leather 
Preparatory fibre processors 
Spinners. doublers. twisters 
Winders, feelers 
Warp preparers 
Weavers 
Knittm 
Blcachers. dyers, flnishers 
Menders, darners 
Other material processing. textiles 
Chemical processing 
Bakers. flour confeetioners 
Butchers. meat cutters 
Fishmongers. poultry dressers 
Brewery and vinery process workers 
Other material procc:ssinB-
Bakery and confectionery workers 
Food and drink n.c.c. 
Paper. paper board and leaxhcrboard workc:rs 
Bookbinders and finishers 
Cutting and slitting machine operators (paper and paper 
producu making) 
Other material processing. wood and paper 
Other making and repainng. paper goocI.s and primina 
Class and ceramics fumaccmen. kUnsenc:rs 
Glass formers and shapers. furishers. decorators 
Casu:rs and omu pottery makers 
Rubber process workers, mouldina machine operators. 
tyre builders 
CaJender and extruding machine operators. moulders 
(plastics) 
Man-made fibre makers 
Washers. screeners and crushers in mines and quarries 
Other making and repairin8-
Glass and ceramics 
Rubber 
Plastics 
Other material processing-
Tobacco 
All other (excluding metal) n.e.C. 
Foremen-
Compositors 
Bectrolypers. stereotypas. printina plate and cylinder 
prepaters 
Prinun8 machine minders and assistants 
Screen and block printers 
Printcrs (so described) 
Tailors. tailoresses. dressmakers 
Clothing cutters. milliners. furriers 
Sewers. embroiderers 
Coach trimmers. upholsterers. mattress makers 
Carpet fitters 
Other mak..ing and repairing. clothing and related 
products 
Carpenters. joiners 
Cabinet makers 
Case and box makers 
Pattern makers (moulds) 
Sa....-yers. veneer CUtters ...... oodworking machinists 
Other making and repairing. wood 
OentaJ technicians 
Musical instrument makers. piano tuners 
Other making and rcpajring-
All other (e;~cludini metal. and elearic:aJ) n.c.c. 
Foremen- . . 
Furnace operating occupations (metal) 
Rollcrmen 
Smiths. forgcmcn 
~let3J drawers 
\loulders • .::orem:::lkers, die casters 
Electropiaters 
cxiii 
108.7 
IOS.8 
108.9 
111.1 
111..2 
111.3 
lJ 1.4 
III.S 
111.6 
IJ 1.7 
111.8 
lJ4.1 
114.2 
114.3 
114.4 
114.5 
114.6 
114.7 
120.1 
120.2 
120.3 
120.4 
120.5 
120.6 
120.7 
1.24.1 
124.2 
124.3 
124.4 
124.5 
124.6 
124.7 
129.1 
129.2 
129.3 
129.4 
129.5 
129.6 
131.9 
-.1 
132.1 
132.2 
132.3 
132.4 
134.1 
134.2 
134.3 
134.4 
134.5 
136.1 
136.2 
136.3 
136.4 
136.5 
136.6 
136.7 
136.S 
136.9 
136.10 
136.11 
138.12 
139.1 
139.2 
139.3 
139.4 
139.S 
139.6 
139.7 
139.8 
139.9 
139.10 
139.11 
139.12 
143.1 
143.2 
144.0 
146.1 
147.0 
149.1 
149.2 
149.3 
149.4 
ISI.I 
IS I.: 
151.} 
Foremen-{contd) 
Anncalers. hardeners. tetnpcrers (metal) 
Calvanizers. tin platers. dip platers 
Metal makin8 and treating workers n.e.C. 
Press and machine tool Setters 
Centre lathe tumers 
Machine tool Setter operaJ.on 
Machine tool operators 
Press. stamping and automatic machine operators 
Metal polishers 
Fettlcn. dressers 
Shot blasters 
Tool makets. tool fiuers. markers-out 
Precision instrument makers and repairers 
Watch and chronOmeter makers and repairers 
Metal working production fitters and fitter/machinists 
Motor mechanics. auto engineers 
Maintenance filters (aircraft engines) 
Office machinery mechanics 
Production fitters (elearical. electronic) 
ElectriCianS. electrical maintenance fitters 
Plant operators and attendants n.e.c:. 
Telephone fitters 
Cable jointers. Unesmen 
Radio and TV mechanics 
Other electronic maintenance engineers 
Plumbers. heating and ventilating fitters. ps fitters 
Sheet metal workers 
Metal plate workers. shipwrights, riVeters 
Steel erectors. benders, ru:ctS 
Scaffolders. stagers 
Welders 
Riggers 
Coldsmitbs. silversmiths. precious stone workers 
Engravers. etchers (printing) 
Coa&:h and vehicle body builders 
Oilers, greasers. lubrieaton 
Sectromcs wiremen 
Coil winders 
Other metal. jewellery. electrical production workers 
Foremen (engineering and allied trades) 
Foremen-
POttery decorators 
Coach painters (so described) 
Other spray painters 
Painters and decorators n.e.c .• french polishers 
Foremen asscmblers-
El.earical. dcaronic 
Instruments 
Vehicles and other metal goods 
Paper production. processing and printing 
Plastics goods 
Foremen inspectors. viewers, examiners-
Metal. electrical goods 
Textiles 
Food 
Rubber goods 
Plastics goods 
Woodwork 
Foremen-
Packers. bottlers. canners. fillers 
laboratory assistants 
Inspectors, soners in paper production. processing and 
printing 
Weighers 
Craders. soners. selectors n.e.c. 
Painting. assembling and re.lated occupations n.l:.c. 
Forcmen-
Bricklayers. tile Setters 
Masons. stone cuttCTS 
Plasterers 
Roofers. glaziers 
Handymen. general building workers 
Railway lengthmen 
Road surfacers. concreters 
Roadmcn 
Pavion. kerb layers 
Sewage plant attendants 
Mains and service layers. pipe jointers 
Construction ..... orkers n.e.c. 
Craftsmen's mates 
Building and civil engineering labourers 
Foremen/deputies--<:oaJmining 
Miners (not coal). quarrymcn ...... ell drillers 
Foremen-ships. lighters and other vessels 
Forttncn-
Railway guards 
Signalmen and crOSSing keepers. rail ..... ay 
Shunters. pointsmen 
Other foremen rail uanspon 
Bus inspeclors 
Foremen-
Dn~~rs c.1 road !!ood~ vehicles 
Other foremen road !~ansporr 
1$4.1 
1$4.2 
1$4.3 
1$4.4 
IS6.1 
IS6.2 
1S6.3 
1$6.4 
1S8.2 
Foremen-
,\lechanicaJ plant drivers, operators (earth movtng and 
civil engineerinlil) 
Crane drivers, operators 
Fork lif1, mechanical truck drivers 
Slingers 
StOrekeepers. warehousemen 
Stevedores, dockers 
Goods paners 
Refuse collectors, duslmen 
Workers in Iranspan operating. materials moving and 
storing and related n.e.c. 
IS9.1 
IS9.2 
1S9.3 
IS9.4 
IS9.S 
IS9.6 
lS9.7 
IS9.8 
1S9.9 
161.2 
Fotemen-
Labourers and unskilled workers n.e.c._ 
TexlIles tnOI lexlile goods) 
Chenuca..ls and aJlied trades 
Coke ovens and gu works 
Glass and ceramics 
Foundries in engineering and allied trades 
Engineering and aJlied trades 
Coal mines 
Oth" 
Boiler operators 
All other in miscellaneous occupatioru n.e.c:. 
S.E.G. 9 Skilled manual workers 
056.0 
070.1 
OSS.1 
OS5.2 
OS5.3 
087 .• 
087.5 
087.6 
087.7 
087.8 
091.0 
092.1 
092.2 
094.1 
094.2 
094.3 
096.1 
096.2 
096.3 
097.1 
098.2 
098.5 
098.8 
100,1 
100.2 
100.3 
100.4 
100.S 
IIll.1 
102.2 
103.0 
10S.1 
IOS.2 
IOS.3 
10S.4 
106.0 
107.1 
107.2 
107.3 
107.4 
107.S 
107.6 
107.7 
107.8 
107.9 
107.10 
109.1 
109.2 
109.3 
110.1 
110.2 
110.3 
112.1 
112.2 
112.3 
113.2 
(oa) Social Qoss III (M) Skilled occupations-Manual 
Employment sl.tu--App~nlicn. ~tc .• Emplo.v~u n.~.c. 
Roundsmen. van salesmen 
Ambulancemen 
Tannery production workers 
Shoe: r.:pairers 
Lealher cutters and sewers. rOOtWear lasters. makers, 
finishers 
Warp preparers 
Weavers 
Knitters 
Blcachers. dyers. rlQishers 
Menders. damers 
Bakers. flour confectioners 
Butchers. meat CUllers 
FIshmonaen. poultry dtoscn 
Paper. papcrboard and lcathcrboard workers 
Bookbinders and rutishers 
CUtting and iliuinl machine operaton (paper and paper 
produru mUml) 
Glass and ceranties futnal::entm. kilnsetters 
Gla.u fonners and shapers. nnishers. decoraton 
C&sters and other PQllety makers 
Rubber process workers, moulding IDKhine operators. 
tyre builders 
Brewery and vinery prOC'e$S. workers 
Other material Proc:cssinl-
Bakery and confc:a.ionery workers 
Wood and paper 
Compositon 
Elearotypers. stereorypen:. printinl plate and cylinder 
pr.:parers 
Printing machine mindtn and assistanu 
Sc:rem and block printers 
Printers (so dc::sailxd) 
Tailors. tailoresscs. drt:ssmakers 
Clothing CUtlers. milliners. fW'rim 
Coach trimmers. upholsterers. ItWttess makers 
C4.rpenters. joiners 
Cabinet makers 
Case and box makers 
Pattern makers (moulds) 
Sawyers. veneer cuuers. woodworking madtinists 
labourers and maces to WOOdworking Cfai'tsrnen 
Dental technicians 
Carpet: fitten 
~wical instrument makcn. piano tuners 
Other making and. r.:pairinl-
Glass and ceramics 
Wood 
!.<ather 
Clothing and related produc:u 
Paper goodJ and printing 
Rubber 
Fum4U:e o(XMUing occupatioru (metal) 
Rolletmen 
Smiths. forgemen 
Metal drawers 
Moulders. coremakers. die casters 
Elearoplaters 
Press and machine tool setters 
Centre lathe turners 
M3Chine tool setter oper.uors 
~etal polishers 
18 
cxiv 
,~, .J 
I!S.O 
116.1 
116.2 
117.0 
118.1 
IIS.2 
119.0 
121.1 
121.2 
121.3 
121.4 
122.1 
122.2 
123.1 
123.2 
12$.0 
126.1 
126.2 
127.1 
128.0 
130,1 
130.2 
131.1 
131.2 
131.3 
131.4 
131.' 
13t.6 
lll.7 
-.2 
133.1 
133.2 
133.4 
13S,2 
138.1 
138.2 
138.4 
138.6 
138.7 
138.8 
140.1 
140.2 
140.3 
140.6 
14S.0 
ISO.l 
1S0.2 
1S0.3 
ISO,4 
IS2.1 
IS2.2 
1$2.3 
US. 1 
I'S.2 
ISS.3 
IS8.1 
ISS.2 
161.2 
Tool makers. tool filters. markers-out 
Precision instrument makers and repairers 
Watch and chronometer makers and r~rers 
Mf:lal working production fillers and rltter/mac:hinisu 
Motor mcc:hanic:s. auto engineers 
Maintenance fitters (aircraft engines) 
Office machinery mecllanic:s 
ProdUCtion fitters (elcaric:al. eiec:uonic) 
Electricians. dectrical maintenance filters 
Electrical engineers (so described) 
Plant o~ors and attendants D.e.C. 
Telephone fitters 
Cable jointers. linesmen 
Radio and TV mechanics 
Other dcaronic maintenance engineers 
Plumbers. heating and vC'l'lWatinl fitten. las fitters 
Sh= metal workers 
Metal plate workers. shipwnghU, riVeters 
5(eeI erectors. benders. f1XCtS 
Welders 
Goldsmiths. silversmiths. preciOUS stone workers 
Engravers. etchers (printing) 
Coach and vehicle body builders 
Galvanizers. lin platers, dip platen 
Metal making and treating workers n.e.c. 
Oilers. &teasers, lubricators 
Riuers 
Electrortia wiremen 
Coil winden 
Trainee craftsmen (engineering and allieclltadcs) 
Pottery decoratOr! 
Coach painters (so dCSCTibcd) 
Paintcn and decorators n.e.I:., frC'l'lch polishers 
Instrument assemblers 
Laboracory assiStants 
Inspectors. 'liCWf:tS. examinm-
Textiles 
Rubber goods 
Woodwork 
Inspectors. sorters in paper production. Processinl and 
printing 
Assemblers in paper production. Proccssinl and printing 
Bricklayers. tile setters 
Masons. stone cutters 
P1astcrcn 
Builders (so described) 
Faceofrained coalmining workers 
Drivers. motonncn. secondmen. railway engines 
Railway,uardl 
Signaimen and crossing keepers. railway 
Shunten. poinlsmen 
Bw and coach drivers 
Drivers of road goow vehicles 
Other motor drivers 
Mec:hanicai plant dri~, opctators (earth movtn, and c:i'IiJ 
enginecnng) 
Crane driven, operators 
Fork lift. mechanical truck drivers 
S1ingers 
Worken in transport operating. materials movina and 
storing and related n.e.c. 
All other in miscellaneous occupations n.e.c. 
w· .. 
S.E.G. 10 Semi-skilled manual workers 
OS). 1 
062.1 
062.2 
062.3 
069.2 
069.3 
010.2 
072.1 
07'.3 
mS.6 
078.2 
082.0 
087.1 
087.2 
081.3 
089.0 
097.2 
098.1 
098.3 
098.4 
098.6 
098.7 
098.9 
102.3 
107.11 
107.12 
110.4 
112.4 
111.1 
(ab) Social Oass IV Panly skilled occupations 
Empfo)'Qlnlt stalus-Apprenlica. etc., EmpJOJlftS n.e.c. 
Postmen, majl sonus 
Security guards and officers. p.urolmen. watchmen 
Traffic wardens 
Sccwity and protcaive service workers n.c.c. 
Hospit<LI poners 
HOld porters 
Hospital, ward orderlies 
CarC1:ucrs 
Launderers, dry cleaners, prcuen 
Service workers R.C.C. 
Gardeners, aroundsmen 
F"lShemtcn 
Preparatory fibre pt'O«SSOn 
Spinners. doublers. twisters 
Winders. feelers 
Cbcmic:aJ. gas and petrolewn process plant operators 
C&lendcr and c.nrudina machine: operators. moulders 
(plasr.ia) 
Man-made fibre makers 
Washers, screencrs and crushers in mines and quarric:s 
Other material prOCC:SsinJ-
TextiJes 
Tobaa:o 
Food and drink n.c.c. 
AD oUler (excluding metal) R.C.C. 
Sewers. embroiderers 
Other makin& and rqWrinl-
Plastics 
All other (excluding metal and dearical) n.c.C. 
Annealers. hardeners, temper-en (mcr.a1) 
Machine tool opcntors 
Press, Slampinl and automatic machine operators 
1J3.3 
127.2 
J31.8 
131.9 
133.3 
13S.1 
13S.3 
137.1 
137.2 
138J 
138.5 
138.9 
138.10 
138.11 
138.12 
140.4 
140.5 
J41.1 
141.2 
J41.4 
142.2 
143.1 
146.1 
146.2 
148.0 
153.1 
1$7.1 
160.7 
161.1 
Fetllcrs. dressers 
Sc:affoldcrs. szaacrs 
Shot blasters 
Other metal. jewellery, dea.rica1 production workers 
Other spray painters 
Assemblers (deariCal. dca:ronic:) 
A.ssemblers (vehicles and other metal goods) 
lnspcaon. viewers (metal. dearica1 goods) 
Packers. botders. canners. fillers 
lnspec:tors. viewers. examincn-
Food 
Plasiia 10Dds 
Assemblcn (p!astia loads) 
Wciibers 
Graders. soncrs. selectors n.e.c. 
Painting. asse:rnblinl and rclatcd oc:.c:upadons n.c.c. 
Roofers. alaziers 
Handymm. scneral buildinl workers 
Ibilway lenllhmcn 
Road surfacers. c:onQ'dctS 
Paviors. kerb layc:rs 
Mains and service layers. pipe jointers 
Craftsmen's males 
Miners (not coal), quarrymen. well drillers 
Construc:tion workers n.c.c:. 
Deck. engine-room hands. bargemen.liibtcrmcn. boatmen 
Bus conductors 
Storckc-epers. warehousemen 
Labourers and urulrilled workers n.e.c.-
Coal mines 
Boiler Opcra1ors 
S.E.G. 11 Unskilled manual workers 
053.2 
066.2 
072.2 
07S.1 
07>.2 
141.3 
142.1 
143.2 
1$3.2 
157.2 
(ac) Social Oass V Uaskilled occupatioas 
Employmeal stAtus-Emplo)'ft!3 n.t.c. 
Mcsscuaers 
Kitchen ponm, bands 
Qcaners. window cleaners, chimney sweeps, road sweepers 
Railway Slationmcn 
Uft and car park artcndants 
Roadmen 
Sewaic plant attendants 
Buildinl and civil ensineerinllabourers 
Driven' mates 
Stevedores. dockers 
157.3 
157.4 
160.1 
160.2 
160.3 
160.4 
160.5 
160.6 
160.8 
Goods ponctS 
RefllSe collcc:tors. dustmen 
Labourers and unskilled workers n.e.C:.-
TextiJes (nOl textile goods) 
Qcmjca1s and allied trades 
Coke ovens and las works 
Glass and ceram.ic:.s 
Foundries in engineerina and allied trades 
Ensincerinl and allied trades 
Other 
S.E.G. 12 Own account workers (other than professional) 
013.1 
032.1 
032.3 
037.2 
038.1 
013.2 
018.3 
022.1 
022.2 
023.1 
023.2 
029.0 
038.2 
038.3 
039.3 
039.S 
(ad) Social Qass JI Intennediate occupations 
Employment st.Iu-~II~mployrd without ~mplo)lft:S 
Matrons. houseparcnu 
Aircraft tliiht deck offic:ers 
Deck. cnlinecring and radio officers and pilots, ships 
Office managers n.e.C. 
Oaraae propricors 
038.4 
039.1 
039.2 044.' 
OS7.1 
Other propriClOrs and managers (sales) 
Hotel and residential club managers 
Publicans 
Manqcn n.e.c. 
lmponers. exporters. commodity brokers 
(ae) Social Oass IJI (N) Skilled occupatioDs-Non·manual 
EmplO)'llleDt stalu.--&If~mplo~ without emplo)W:S 
Playgroup leaders 
Drivinl instructors (not HGV) 
Photographers. cameramen 
Sound and vision equipment operators 
Professional sponsmen. spans offiQal5 
Literary, artistic and spons workers n.e.C:. 
Draughtsmen 
Butchers (maJ1altn and proprietors) 
Fishmongers (managers and proprietors) 
Restaurateurs 
Entertainment and SOOI'U managers 
C',\' 
044.1 
04-1.3 
046.2 
046.3 
049.2 
050.0 
OS7.3 
057.S 
OS1.6 
Proprietors and managers, service flau. Itoliday flats, 
caravan sites. etc. 
Hairdrcsscn' and barbers' managers and proprietors 
Tracers. drawing office assistants 
Other clerks and cashiers (nol retail) 
Typists. shorthand writctS, secretaries 
Office machine operators 
Scrap dealers. lencrilJ dealers. rag and bone merchants 
Sales rcprescnl3tives 
Sales representatives (property and services). Other agents 
· - . .' ,. .. - . ' . " .,.. . 
0>6.0 
064.0 
068.2 
069.1 
07'.4 
07'.5 
085.1 
08'.2 
08l.3 
087.' 
087.l 
087.6 
087.7 
087.8 
091.0 
0'l4.1 
0'l4.2 
096.2 
096.3 
097.1 
098.2 
098.l 
09S.S 
100.1 
100.2 
100.3 
100.4 
100.5 
102.1 
102.2 
103.0 
1()j.1 
1()j.2 
105.3 
105.4 
106.0 
107.2 
107.3 
107.4 
101.5 
107.6 
101.7 
101.8 
107.9 
101.10 
109.1 
109.2 
109,3 
044.2 
057.2 
057.4 
062., 
062.3 06$.' 
06l.2 
068.3 
07l.6 
078.2 
082.0 
087.' 
087.2 
087.3 
089.0 
097.2 
098.4 
098.7 
098.9 
102.3 
107.11 
107.12 
(aO Social Oass III (M) Skilled occupa,ion.-Manual 
Employment Slatus-Sd/~mplo.~ wi(hou( ~mplO.'lHS 
Roundsmm. van saJCStnen 
Chefs. cooks 
Nursery nurses 
Tcavel stcwards and :luencianu 
Undmakers 
Bookmakers. bcttin& shop rnana;ers 
Tannery produaion workers 
Shoe repairm 
Lea.ther c:uum and sewcn. footwear laslm. makers. 
rmishers 
W Up preparers 
Weavm 
Knittm 
BIClI:hen. dycrs. finishers 
Menden. darnen 
Bakm. r10ur confectioners 
Paper. paperboard and leatberboard workers 
8ookbindc:n and finishers 
Class fanners and shapers. fInishers. decorators 
Casters and other pottery makers 
Rubber process workers. mouldina machine operators. 
tyre builders 
Brewery and vinery process workers 
Other materiaJ proccssina-
Bakery and confeaionery workers 
Wood and paper 
Compositors 
Bmrotypcrs. Slereotypcrt. printina pwe and c:ytindet 
preparc:n 
Printina machine minders and assistanu 
Screen and block Printers 
Printers (so described) 
TaUors. taiJorcsses. dressmakers 
Clothinl cuttcrs. milliners. furriers 
Coach trimmers, uphOlsterers. mattress makers 
~tI:n, joiners 
Cabinet makets 
~ and box makm 
Pattern makm (moulds) 
Sawyers. veneer cutters. woodworldna aw:hlnists 
Dental tedtnicians 
Carpet fItters 
MwicaJ. instrument makm. piano tunm 
Other makina and repairina-
Glass and ccrvnics 
Wood 
L=h ... 
aomina and td31C'd productS 
Paper goods and printina 
Rubber 
furnace opcra1inl occupations (metal) 
Rollennen 
SmithS. forg:emen 
110.1 
110.2 
110.) 
112.1 
112.2 
112.3 
11l.2 
IU.O 
116.1 
116.2 
117.0 
I1S.1 
IIS.2 
119.0 
121.1 
121.1 
Ill.) 
122.1 
122.2 
123.1 
123.2 
125.0 
126.1 
126.1 
127.1 
11S.0 
1l0.l 
130.2 
111.l 
1J1.2 
1li.J 
llU 
IlL6 
IlI.7 
1J3.1 
IJJ.2 
133.4 
135.2 
IlS.S 
140.1 
140.2 
140.) 
140.6 
14'.0 
152.1 
1S2.2 
ISl.3 
15.5.1 
1S5.3 
U8.2 
161.2 
~1etal drawers 
Moulders. coremakers. die c:asters 
Elc:aroplaters 
Press and machine tool setters 
Centre lathe tUtnI:tS 
Machine tool setter operators 
Metal polishers 
Tool makers. tool fium. markcrs~ut 
Precision inSlrument makers and repairers 
Watcl\ and chronometer makers and repairers 
Metal workinl proc:iuction fitters and fIttcr/ma.c:hinisu 
Motor mechanics. auto engineers 
Maintenanc:e fitters (aircraft en;ines) 
Offic:e machinery mechanics 
Production finets (dcarical. electronic) 
Bea.ric:ians. deariQl maintenance fItters 
Bcaric:a1 entinecn (so dcsc:rlbeci) 
Tclephone fitters 
Cable jointers, Iincsmctt 
Radio and TV mechanics 
Other electronic maintmanc:e ensinccrs 
Plumbers. hcaling and ventilatinl fItters. ps fitters 
Sheet metal workers 
Metal plate workers. 1hipwrighu. riveters 
Sted erectors. benders. lixers 
Welders 
Goldsmiths. silversmiths, prmow stone workers 
Engravers. etchers (priming) 
Coach and vehicle body builders 
Galvanizers. tin platm. dip platen 
Metal making and treating workers n.e.c. 
Riuers 
E.learonic wiremlctl 
Coil winders 
Ponery dta)raton 
Coach painters (so dcsaibcci) 
Painters and dccor310rs n.e.c: •• french polishers 
Instrument assemblers 
Assemblers in paper produaion. processina and printinl 
Bricklaycn. tile scum 
Masons. stone cutters 
Plasterers 
Bui1den (so described) 
facc-«aincd coahnininl workers 
Sus and c:oach driven 
Drivers of road goods vchicies 
Other motor driven 
Mec:hania.! plant drivers, Opcra1ors (earth movina &Dd civil 
ensineering:> 
fork lilt. mechanical truc:k driven 
Workers in transpon operaUna. materials tIlO'rina and 
storing: and related n.e.C:. 
Al1 other in misccllaneous ocrupations a.c.c. 
(ag) Social Oass IV Panly skilled oceupa'ion. 
EmploYnmll SI.s.us-StII~mployN without ~mplo.wrs 
Nlanqcn of laundry and dry dcaaina receiving: shops 
Market and street tradm and assistants 
Credit :lIents. collector s.a.lesmcn 
Security guards and offic:cn. pauolmen. watthmen 
Security and protective service workers n.e.C:. 
Waiters. waitrcssc:s 
Batmen. barmaids 
Other domestic and sc:hool hdpcrs 
Sttvic:c workers n.e.C:. 
Car<1encn. groundsmen 
Fishermen 
Preparatory fibre proccsson 
Spinners. doublers. twisters 
Windcn. ceders 
Chemia.!. gas and petroleum proccs.s plant operators 
Ca1cnder and CXU'Udina mac:hine operators. moulders 
(plastiCS) 
Other material proc:c:ssina-
Textiles 
Food and drink n.e.C:. 
All other (excludinl metal} n.e.c. 
Sewers. embroiderers 
Other making and rcpairing:-
Plastn::.s 
All Ollter !e.'lciudinll melai and electrical) n.e.c. 
cxvi 
110.4 
112.4 
Ill.l 
113.) 
127.2 
1l1.9 
133.3 
135.1 
Il5.) 
1l7.l 
1l7.2-
138.12 
140.4 
140.5 
141.2 
141.4 
I·U.: 
141.1 
1-106.1 
1-106.2 
1.&8.0 
In.1 
1:57.1 
Annca!crs, hardeners. tcmperers (metal) 
Machine tool opecaton 
Press. stampinl and iluromuic: machine operators 
fettlers. ctrcucn 
Scaifoldm. stagers 
Other metal. jewellery. elcc:tricaJ production workers 
Other spray painters 
Assemblers (elearical, electronic) 
Assemblers (vehic:les and otber mccal goods) 
Inspectors. viewers (metal. elmric:al g:oocls) 
Packets. bottlers. cannen. fillers 
Painting:. assembling :and related occupations n.c.C:. 
Rooicn. glaziers 
Handymen, gencral build.ina worken 
Road surfacers, c:oncrcten 
Paviors. kerb layers 
Mains and scrvic:e layers. pipe jointers 
Craitsmc:n's mates 
~incrs (not c:oal). quarrymcn, weu drillers 
Construction workers n.e.c. 
Deck. CRgine'room nands. bargemen. liJhtermen. boatmen 
Bus conduc:tors 
Storektcpcrs. warehousemen 
OS3.2 
aT.:.2 
141.3 
143.2 
(ah) SociaJ Oass V Unskilled occupations 
Employm~n' ".,us-~/f~mplo.wd willlolll rmplo.wn 
Messcnlers 
Ceaners. window cleaners. chimney sweeps. road sweepers 
Roadmcn 
Bv.ildinl and civil mgineerinllabourcn 
"'.2 Slev~orcs. dockers 
"'.3 Coods poners 
Labourers and unskiJled workers n.e.c:.-
160.8 Other 
S.E.G. 13 Fanners-employers and managers 
(aj) Social a ... 11 In'ermedia'e occupations 
040.0 Farmers. honic:uUurislS. farm manqm I 
S.E.G. 14 Fanners-own account 
(ak) Social a ... 11 In.ermediate occupations 
Employmftll Sf..'u ..... ~/f~mplo~d without employns 
040.0 Farmers. horticulturists. farm manqers 
S.E.G. 15 Agricultural workers 
(aI) Social a ... III (M) Skilled occupalions-Manual 
U16.1 
076.2 
076.4 
Farm (oremm 
Honic:uhural forc:mm 
Aaricultural machinm foremm 
076.5 ForestrY (orcmm 
076.6 Other foremen in farming and related 
(am) Social a ... IV Panly skilled occupations 
an.o 
078.1 
079.0 
an.o 
078.1 
079.0 
Farm workers 
Hortic:uJuuaJ workers 
Aaric:uJtural madtinery c1rivers. operaton 
Farm workers 
Honic:uilural workers 
Apicultl.lr.ll machinery drivers. operators 
Empfoymml sta,us-Emplo)l'«S n.r.C. 
080.0 Forestry workers 
083.0 All other in rarming and rdl1ed 
080.0 Forestry workers 
083.0 All other in farming and related 
S.E.G. 16 Members of anned forces 
Employm~nl Slatus-Mantrrtt"S' 
041.0 Officen, UK armed rorce:! 042.0 Officers. foreign and Commonwealth armed forces 
Employm~nl sta'us-EmployttS n.t.c. 
()j8.0 NCOs and other ranks. UK armed (orca 0:59.0 NCOs and other ranks, foreign and Commonwcallh 
armed forces 
S.E.G. 17 Inadequately described and not stated occupations 
Employmml stalus-Manare"., Fo~men and SlIptr\'ison. Self~mplo.vtd wilh and withollt rmplo.~ 
-.1 Inadequately described occupations 
Employnnnl status-Apprmtias. ~tC .• Employtd n.t.c. 
-.1 InadeqUately described occupations -.2 Occupations nOI stated 
c,'{vii 
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APPENDIX D 
University of Technology 
LOUGHBOROUGH LEICESTERSHIRE LE 11 3TU 
DEPARTMENT OF HUMAN SCIENCES 
Dear Sir or Madam, 
Telephone: 0509 263171 Telex: 34319 
Hashim Ha.main B.Sc[Hom] 
Poscgraduate Research Student 
Human Populatio.n Genetics Study 
I am writing to you in connection with the possibility of having the assistance of some of 
your employees in a research project that I am currently canyillg out at tbe umversity. The 
purpose of my project is to look !or auy COtTelstiOJ1 between heterozygosity, which is a measure of 
various anthropometric measurements (body memurements) and fingerprints and carry out simple 
biochemical tests that will involve taking a sample of blood by a simple finger prick. The whole 
procedure should .not take longer tbaa 30 .minutes per person. If possible I would lite to carry out 
the above measurements on two separate days. On the first day I would cany our. tbe 
anthropometric measurements and rmgerpints which should take 25 mimttes per person and on the 
second day the simple finger pricks taking only S .minutes perperscm. 
My populmion sample .needs to be male. aged berween 26-30, bam in Leicestershire aad 
have only British antecedents. In total I need 300 indivictaals u, participate in this researc.b project 
and hence. I hope you will encourage as many of your employees to participate as possible. The 
data collected in this simple population survey will remainsrrictly confidential and will.not be used 
outside the remit of the project. Each subject will be allocaed a reference number, hence no 
names will be recorded f orcomputeranalysis. 
Would you tiAdly c� me when you know how much assistmlce you can give me or i1' 
you have my qu=-i� I.am hopeful that you will callmorate in this resesr-...b. prajea =id he.::ice 
furtberoorscieauficundersanding ofHumanPopulationGenetics 
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APPENDIX E 
2M FLOOR BROCKINGTON BUILDING AND 'rONY TOP 
n y 
RRE YOU A WHITE CAUCRSIRN ENGLISH MRLE, RGED BETWEEN 
23-35? IF SO, I'VE BEEN LOOKING FOR YOU FOR AGES. WOULD 
YOU LIKE TO KNOW YOUR ~b BODY FAT? OF COURSE YOU WOULD. 
SEE IF RLl THAT EHERCISE HRS BEEN DOING YOU RNY GOOD, OR 
WHETHER YOU'UE HRD TOO MRN'r' 6000 MUllS. MAYBE EUEN 
MORE THRN YOUR fAIR SHARE OF THE AMBER NECTAR. COME 
RND BE MEASURED, ITS QUICK AND EASY. FIND OUT MORE 
ABOUT WHRT'S INUOlLJED IN THIS SIMPLE POPULRTION. 
SURUEY BY RINGING: 
HRSHIM eHt 4267. ROOM R212 
SCOFlElD BUILDING 
or 
cubical 9 b WAVY TOP 
JAY .......... eHt 4272 Lab 2 in WRUY TOP 
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LOUGHBOROUGH UNIVERSITY OF TECHNOLOGY 
DEPARTMENT OF HUMAN SCIENCES 
RESEARCH PROJECT 
3JECT NO, 
:e of Exam Inat ion 
:e of B irtrl 
IRTHPLACE OF SUBJECT'S PARENTS 
ADMIN DIVISION I COUNTY 
FAT HER'S BI PLACE 
MOTHER'S B/PLACE 
IERE YOU BORN I N THE EAST MI DLANDS ? 
ASTE 
COUNTRY 
1 BRAHIMS, 2 KSHATRIYAS , 3 VAISHYAS, 4 SHUDRAS , 5 MUSLIMS . 
. : .. 
OCIO-E:.CONOMIC ST .A.TUS 
I. PROFE~3SI0NAL 
2. INTERMEDIATE OCCUPATION 
3, SKILLED OCCUPATIONAL -MANUAL/NON-MANUAL 
4. PARTLY SKILLED OCCUPATIONS 
5. UNSKILLED OCCUPATIONS 
lET 
I, VEGETARIAN 
2, NON- VEGETARIAN 
1
1 H::,u.LTr.( 
'-. ,-,(\,-,.r,...:::-·, I -u 
_. ,- _"_',-. , :-.-.L I J , 
I I 
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